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ADDRESS AT THE ANNUAL GENERAL MEETING 
of the Society, held on 23 Fune 1941, by the President 


FIELD-MARSHAL SIR PHILIP CHETWODE, Barr., G.c.B., 0.M. 


INCE our last Meeting we have been locked in the most terrible struggle 

in all history. Much of the malice of the enemy was concentrated at cer- 
tain times on London, but so far we have been singularly fortunate, and our 
premises have escaped serious damage. 

In October last the blast from a bomb took out some of our windows and 
displaced tiles on the roof, but apart from that the damage done to the House 
has been only tiles broken or a few small holes in the roof from fragments or 
bases of our own anti-aircraft shells. We have lost a certain amount of stock 
of publications when our agents for sale were burned out, and our litho- 
graphers have lost all the stones bearing recent important maps in the Journal 
for which we have been called upon from time to time for reprints to illustrate 
the complete scientific reports of expeditions or books of the explorers. 

Our Society has lost by death during this last year more than its usual 
number of eminent Honorary Members and distinguished Fellows. 

King Alfonso of Spain, who died recently in Rome, was the last of the 
European monarchs who in happier days had honoured us by accepting 
Honorary Membership of our Society. 

Professor Otto Pettersson, whose death was announced in January, had 
been for forty-five years an Honorary Member: a distinguished oceano- 
grapher who to the age of eighty at least was vigorous in defending against 
critics his theories of the tides. 

At our last Annual Meeting I spoke of Sir Arnold Wilson as an eminent 
Fellow of our Society who was reported missing from air operations in the 
Battle of France, where at the age of fifty-five he was serving as an air gunner. 
I have not heard that anything is known of his fate, but in November last his 
death was presumed. He worked as Political Officer in and around the 
Persian Gulf and in ‘Iraq as one of the staff of Sir Percy Cox, ending his 
official service as acting Civil Commissioner and Political Resident in the 
Persian Gulf from 1918-20. He was the author of many important books and 
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contributions to our Journal, and his posthumous work ‘South-west Persia; 
a Political Officer’s diary 1907-14,’ gives a simple account of his immense 
activity and energy, which were maintained throughout his official service and 
in the after years until his death in action. 

Le Commandant J. Hackin was an eminent archaeologist, Director of the 
Musée Guimet; had been for five years a Fellow, and had contributed much 
to our publications directly by his own papers and indirectly by the generous 
assistance he gave to several British students of antiquity in Afghanistan. He 
came back from that country to England last autumn, joined the Forces of 
Free France, and was with his wife lost at sea by enemy action while on an 
important mission for General de Gaulle. 

Lieutenant-Colonel Claude Beddington, after a distinguished career as a 
soldier in the war of 1914-18, was killed in action at sea in this, on his yacht, 
which was in service as a naval auxiliary. Miss Amy Johnson, pioneer of long- 
distance flying, and heroine of record-making solo flights to Australia, to 
Japan, and to the Cape and back, was drowned in the Thames Estuary while 
serving as a ferry pilot of service machines. And in a gallant attempt 
at rescue, Lieut.-Commander W. E. Fletcher, R.N., in command of H.M. 
Trawler Haslemere, also lost his life: he had been in the Canadian Arctic as 
navigator with Mr. Wordie’s expedition of 1934. Lieutenant James Hamilton 
Martin, R.N.V.R., was drowned at sea on active service. He will be long 
remembered for his exceptional seamanship so well displayed on the voyages 
of the Penola, the ship of the British Graham Land Expedition. A shipmate on 
the Penola was Major L. C.D. Ryder, of the Royal Norfolk Regiment, who was 
reported as missing and later as killed in action during the Battle of France. 
Mr. Oliver Gatty was a brilliant young physicist who took a prominent part 
in the Oxford University Arctic Expedition to Spitsbergen of 1933, especially 
occupied with the problem of seismic sounding of the glaciers. He died after 
an accident which happened during dangerous official research work last 
summer. Dr. C. H. Merz, a leading electrical engineer, and Mr. R. G. Goode, 
one of our younger Fellows, were killed in London by enemy action. 

From among our oldest Fellows we have lost several distinguished names. 
Sir John Starkey’s Fellowship dated from 1885. Sir James Frazer was born 
in 1854 and joined our Society three years before he published the first 
edition of his world-famous ‘Golden bough’ in 1890. Major-General Sir 
James Trotter, who died last September at the age of ninety-one, was a dis- 
tinguished officer of the Royal Artillery who joined us in 1892 and was British 
Commissioner for the delimitation of the Sierra Leone-French Guinea 
boundary in 1895. Lieut.-General Lord Baden-Powell had been a Fellow for 
forty-four years. Lord Lamington, who died in September, had been a 
Fellow of our Society for fifty-one years; a contemporary and friend of Lord 
Curzon, like him a traveller in the East in early life, and a distinguished 
Governor of Bombay during Lord Curzon’s Viceroyalty; a member of our 
Council, Vice-President for three years, and until the last a most regular 
attendant at our meetings. Prince lyesato Tokugawa had been for sixty years 
a Life Fellow of our Society, having been elected in early life during his 
education in England. As head of the great family of Shoguns he devoted 
his abilities to the public life and international relations in his country, and 
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was present at our centenary celebrations in 1930. Lord Wakefield, who had 
been for forty-seven years a Fellow of our Society, did much in recent years 
to assist its explorers; in particular the British Graham Land Expedition and 
the recent expedition of Miss Stark and Miss Caton-Thompson to the 
Hadhramaut were very greatly helped by him. The immense range of his 
public benevolence is well known. 

Sir Edward Denison Ross was another man of great energy and ability 
who filled many important offices and who will be remembered especially 
for his success as Director in building up the School of Oriental Studies. His 
wide knowledge of oriental languages and literature was for many years of 
great service to us on the Library Committee, and he succeeded Lord Edward 
Gleichen as Chairman of the Permanent Committee on Geographical Names, 
but was soon despatched on important service to Istanbul, where he died. We 
shall greatly miss from our meetings Professor C. G. Seligman, eminent 
ethnologist, member of the famous Cambridge Expedition to the Torres 
Straits, pupil of Haddon and friend of Rivers, who often took part in our dis- 
cussions and contributed to our Fournal; and Sir Charles Des Graz, who after 
a long career in the Diplomatic Service joined us on his retirement and until 
his death was always at our meetings. Colonel H. L. Crosthwait was a dis- 
tinguished officer of the Survey of India, employed largely on the geodetic 
side; was one of the staff of Sir Thomas Holdich upon the Argentine—Chile 
Boundary Commission, saw service in Eastern Persia during the war of 1914- 
18, and served two terms upon our Council in recent years. Mr. B. B. 
Dickinson was well known as an inspiring teacher of geography at Rugby 
School, who after his retirement served a term upon our Council. 

Flight-Sergeant C. S. Townshend, D.c.M., R.A.F.V.R., Was a valued member 
of our Library staff who had distinguished himself in Gallipoli and Meso- 
potamia in 1914-18, and was to our great regret killed on duty with the 
Balloon Barrage in November last. 

Very many of our Fellows are on active service and it is generally impossible 
to follow their doings. We may congratulate Lieut.-General Marshall- 
Cornwall upon his recent appointment to high command, and Lieut.-Colonel 
Bagnold for the striking success of himself and his companions trained in 
desert exploration when they were called upon to undertake the highly 
successful motor raids in Southern Libya of which we have at present only a 
very slight account. Colonel Bagnold has been for some years one of our 
medallists. Most of the younger explorers who have taken part in expeditions 
under our auspices in recent years are now turning their knowledge of explora- 
tion and equipment to good account; training brother officers in mountain or 
desert craft, utilizing their knowledge of equipment or of survey or of dealing 
with the more out-of-the-way forms of labour and transport. 

We have been able to publish our Journal, though not without difficulty, 
since the natural flow of matter from expeditions has fallen away to almost 
nothing, and those who have been willing to lecture at our meetings have not 
always been able to supply promptly the copy for publication, while diffi- 
culties of communication have impeded that quick exchange of letters and 
proofs with the author that is so important for accuracy. But the main point 
is that our publications, though inevitably rather late, have been maintained, 
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and every effort will be made to continue them as nearly as may be up to the 
old standard. 

The Annual Report, which is in your hands, shows that the Library and 
the Map Room have been able to maintain their services to Fellows and to 
extend them to meet the many demands of the fighting services, made un- 
usually heavy because so many libraries and map collections have been 
removed from London. Before the outbreak of war we resolved that while a 
certain part of our more precious books should be sent away for greater safety, 
it was essential that the working collections should be kept in London and 
accessible, for the work that this Society has to do for the national cause 
could not be done if they were sent or packed away. 

The Report of the Council gives you the figures which show that though 
we have suffered considerable diminution in numbers by deaths, by resigna- 
tions due to pressure of taxation, or to losses due in one way or other to the 
state of war, and though the numbers seeking election are necessarily fallen 
away, yet our Society has a strong power of resistance to fate, and we may feel 
confident that the losses caused by the present war, as by the last, will be 
more than made good when peace is restored. 

Meanwhile we intend to carry our heads high, just as all our nation and our 
empire is doing, and do our very best to keep the business of the Society in 
as flourishing a condition as possible in the circumstances. In this task we ask 
for every support from the Fellows of the Society, and are very confident we 
shall receive it. 
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THE NORTH TYNE VALLEY 
CAPTAIN R. F. PEEL, 


HE river valleys of Northumberland have scarcely attracted their fair 

share of attention from British geomorphologists. Much work has 
indeed been done on glacial problems, and on questions of pure geology, but 
such topographical studies as do exist are for the most part old and generalized. 
Too often also they have aimed at a sweeping explanation of the whole present 
river system based on very inadequate data. In the course of rambles through 
the interesting country north of the Tyne the writer some years ago conceived 
the idea of initiating a more detailed and exact analysis of the topographical 
evolution, starting with the river systems, by collection of quantitative field 
data over a period of years. A start was made in 1939, when a month was spent 
in detailed examination of the valley of the North Tyne. The outbreak of war 
abruptly curtailed the investigation before it could be extended into other 
valleys, and before all aspects of the North Tyne valley had been studied. The 
material available for this paper is therefore somewhat incomplete and un- 
balanced, but it seems worth while to present it even in its unfinished form in 
view of present conditions and future uncertainties. When settled conditions 
return the writer hopes to continue the work, but in any event the material 
already gathered may be of use to others working in the same region. 


The North Tyne 


The Tyne system drains the greater part of Northumberland, and the 
North Tyne is one of its major branches (Fig. 1): indeed the only large 
tributary the Tyne receives from the north. It rises as a group of small moor- 
land streams on the Border hills, and flows for some 45 miles in a south- 
easterly direction to join the South Tyne just above Hexham. As far down as 
Bellingham its course varies between south-east and east-south-east, and it is 
generally cutting across the strike of the Lower Carboniferous rocks at a slight 
angle; but at the Rede confluence it turns abruptly south, and cuts nearly 
straight across the strike to the South Tyne. Significantly, its upper valley is 
quite different in character from its lower, the change occurring at the change 
of direction. In the upper section the valley is wide and shallow, with gently 
sloping sides swathed in drift. The stream meanders over the drift surface, 
rarely reaching solid rock. Below Redesmouth however the river drops into a 
marked trough—in places a gorge—deeply cut into the floor of the old valley. 
A break in the thalweg marks the change, as will be shown below, while cut-off 
meanders, terraces, and other features combine to give a strong suggestion of 
rejuvenation. 


The upper valley 


In volume of water the Kielder Burn is the main head of the river, but it is 
essentially tributary to the main valley, which it enters at a sharp angle. The 
main valley commences higher up, near Deadwater Station, and in this region 
is a wide and deeply cut “through-valley,” or “wind-gap,” overlooking the 
deep transverse valley of the Liddel. Various small burns drop steeply down 
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Fig. 1. The North Tyne 


from the moors into this gap, the Deadwater Burn being the highest. This 
stream, which may be regarded as the source, meanders gently southwards 
along the drift floor of the col with little gradient for some distance. Im- 
mediately to the north of it, the small Hartwell Burn, after dropping down the 
valley side as though about to run into the Deadwater, suddenly loops round 
northwards, and rushes down the steep northern face of the gap to join the 
Liddel. This, and other similar evidence, strongly suggests that the North 
Tyne has had its headwaters captured in this region by the Liddel. The gap 
is far too large and deep for the small Deadwater Burn to have cut. It 
appears probable that in an earlier stage the North Tyne rose on the far (north- 
western) side of Liddesdale, but that the Liddel, cutting back vigorously along 
the weak junction-zone of the Carboniferous and the Palaeozoics of the 
Southern Uplands (which can be seen outcropping in its valley bottom) 
captured and diverted the headwaters, beheading the North Tyne and leaving 
its upper valley inhabited by only the present tiny stream. The Hartwell Burn 
would be the southernmost tributary to be affected. Such a capture would 
compare with the similar captures of other Tyne tributaries by west-flowing 
rivers to the south (Irthing, King Water), and may be tentatively assigned to 
the late Tertiary. 

Apart from capture, glacial action has certainly played a large part in 
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shaping the col at the head of the North Tyne. Cross-sections reveal an 
almost perfect ‘U’-shape, with some overdeepening and hanging shoulders 
(Fig. 2, 1 and 2). The valley floor is deeply swathed in drift which is still 
marshy in places, as at Deadwater Lakes. The direction of this highest part 
of the valley is roughly in line with the main trends of Scottish ice-movement 
over the area. 

Following down the North Tyne from Deadwater, the first mile or so con- 
tinues the features of the col, with a tiny stream meandering over the thick 
drift. The confluence of the Bell’s Burn gives more eroding power to the 
river, and it begins to eat into the drift leaving well-marked meander scars on 
either side of a narrow strip of coarse alluvial gravels. Detrital fans can be 
noticed at the mouths of tributary burns, but the alluvial band only becomes 
wide and continuous after the confluence of the Kielder Burn at Kielder 
Castle. This stream more than doubles the volume of the river, and erosive 
action becomes more pronounced. Below Kielder continuous gravel flats, 
locally termed Haughs, border the river, standing about 10 feet above summer 
low-water level but covered by winter floods. The drift terminates against 
these flats in conspicuous meander scars, and as the drift surface is fairly flat 
a misleading appearance of built-up terraces is produced (Fig. 2, 3). Some 
patches of real gravel terrace however do begin to appear in this locality. 
Their height is about 20-30 feet above the present river level (10-20 feet 
above the alluvial haughs). Downstream these features continue and become 
more marked, the patches of terrace in particular becoming more numerous 
and complex (Fig. 2, 4-8). Interesting groups of terraces occur around the 
mouth of the Lewis Burn, and from there down to Plashetts and beyond 
(Fig. 3, A). A well-marked gravel bench at 30-40 feet above the present river 
level exists in patches along both sides of the valley. On the south side a long 
patch of this, covered with thick peat, is bounded on its outer (#.e. riverine) 
side by a bank of hummocky drift, and seems to mark the course of a post- 
glacial channel—perhaps an early course of the Lewis Burn. Around the 
mouth of the latter stream a series of stepped terraces exist, at approximately 
35-40, 30, and 20 feet above the river. A low level, and still marshy, cut-off 
meander runs round past Plashetts Station, its outer edge followed by the rail- 
way. In the centre is a circular mound marked as terrace on the old 1-inch 
geological map, but in the writer’s opinion more probably a mound of drift. 
Numerous patches of paired terraces also exist around Falstone (Fig. 3, B), 
and at various other points. These terraces will be mentioned again later. 

From Kielder down to Bellingham the river follows the same general trend, 
east-south-east. Tributaries enter from both sides, the most important being 
the Lewis, Whickhope, and Chirdon Burns from the south and west, and the 
Belling, T'arset, and Hareshaw Burns from the north and east. The valleys of 
these streams were not examined in detail, but in general features they are 
similar to that of the North Tyne itself, although narrower and less 
mature. For the most part the streams still flow over drift, although the 
larger ones have cut down into solid rock in places. 

By the time Bellingham is reached the valley has opened out a good deal 
(Fig. 2, 9), and just below Bellingham the river Rede enters from the north- 
east. This, the largest tributary of the North Tyne, again has a dual type of 
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Fig. 2. Cross-sections of the North Tyne 
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valley. Its upper portion flows roughly parallel with the North Tyne as far as 
the confluence with the Elsdon Burn a couple of miles below Otterburn. This 
section of the valley is very similar to that of the North Tyne, opening out 
gently and slackening in gradient, and showing similar drift features and 
patches of terrace (less developed and fewer). From Rochester down to the 
Elsdon confluence the valley is surprisingly wide and shallow, the gradient of 
the river has become slight, and it begins to meander freely. Below the 
Elsdon confluence however the river turns sharply south-south-west to run 
parallel with the strike to join the North Tyne at Redesmouth. In this lower 
section the gradient steepens again, and the river is incised in a narrow and 
steep-walled cleft. At the “elbow,” the Elsdon Burn continues the strike 
direction of this lower section to the north-east, and its headwaters are 
separated by only a low and narrow divide from the head of the little Grasslees 
Burn which runs down to the Coquet in a steep and over-deepened valley. 
With a little more backward cutting the Grasslees Burn would capture the 
Elsdon Burn, and perhaps eventually divert the Rede into the Coquet, which 
is at a lower level than the Rede in the relevant zone. 


The lower valley 


Below Redesmouth the North Tyne valley changes in character. Almost 
immediately it plunges into a deep and narrow gorge within the old valley, 
cutting through a thick mass of drift which partially blocks the latter (Fig. 2, 
10). The sides of the trench are at an angle of 20° or 30°, and masses of drift 
periodically break .away in landslides. The lips of the trench are sharp and 
above them the normal gentle concave slopes of the old valley open out. The 
trench is here about 150 feet deep, and the gradient has obviously steepened 
considerably, the river foaming down over a succession of rapids and rocky 
bars. About a mile down from Redesmouth a sharp elbow of the stream is cut 
deeply into the emergent solid rock, which rises 100 feet above the river in 
sheer cliffs (Heugh Clints). The river tumbles over a succession of rock bars at 
the elbow, falling 15 feet in 50 yards or so. A most interesting section of river 
follows (Fig. 3, C, and Fig. 2, 11). Small patches of river terrace hang in pro- 
tected corners along the trench walls, while a little lower down a large double 
cut-off meander swings out half a mile into the right bank. The bed of this 
meander is only 5—10 feet above the present riverside alluvium, and is still 
marshy in places. The divergence is obviously quite recent ; the high meander- 
scars cut into the rock and drift have lost none of their sharpness of outline, or 
steepness. Flat expanses of gravel terrace form the meander-cores, and match 
up in height with other sections of terrace on the left bank. There are at least 
four terrace levels in this area. Tributary streams, like the Houxty Burn, are 
deeply incised in narrow, steep-sided trenches. 

This valley-in-valley form persists all the way down to the confluence with 
the South Tyne, though less well marked in certain reaches. On the other 
hand, lower down, the over-deepening is less in drift (which thins out), and 
more in the solid rock. Around Wark the valley is open, but large patches of 
river terrace hang above the river at various levels. The old geological map 
distinguishes three sets, some of which are compound. The form and re- 
lationships of these features are most complicated, and little worked out 
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Fig. 3. Sketch-maps, North Tyne 
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(Fig. 2, 12). Continuing, a tortuous stretch around Chipchase (which again 
exhibits beautiful series of terraces), broken by rapids and weirs, is succeeded 
by a more open reach down to Barrasford, with wide spreads of alluvium and 
again many terraces. Just above Barrasford the river enters another “gorge” 
section, and here the river crosses the outcrop of the Whin Sill. This causes 
small rock bars and rapids, but is a relatively minor feature in the valley 
(Fig.2,13 and 14). From this point down toChollerton the river is continuously 
at the bottom of a deep inner trench, cut into solid rock. Benches of terrace 
remain inside the trench at sheltered points, and river-gravels fringe its lips 
(Fig. 2,15). A mile or two of more open valley where the Roman Wall and 
military road cross at Chollerford (Fig. 2, 16), is then followed by the last 
section of 3 miles or so where the river is again in a deep and narrow gorge 
within the main valley, the sides often being precipitous bare rock, and the 
course broken by rocky bars (Fig. 2, 17). The river falls some 40 or 50 feet in 
a couple of miles, a gradient steeper than at any point below Plashetts, and at 
Warden Mill drops 20 feet in a hundred yards (Fig. 2, 18). Below Warden Mill 
(Fig. 3, D), the inner valley opens out, with its sides benched with stepped 
terraces, and the North Tyne flows quietly into the South Tyne, a couple of 
miles above Hexham. The valley is deeper and narrower in this last section 
than anywhere else throughout its length. . 


Longitudinal profile 

In the foregoing account figures have been quoted at various points for the 
heights of terraces, and it will be as well, before discussing the longitudinal 
profile of the river, to state the method by which these, and other quantitative 
data, were obtained. For anything but preliminary and approximate work, 
heights read and interpolated off the official maps are inadequate, excellent as 
the Ordnance Survey publications invariably are. The 6-inch maps of North- 
umberland however are only contoured at 100-foot intervals, while the 1-inch 
maps, although having a 50-foot interval, have the intermediate contours 
only roughly interpolated. The 1-inch scale also is far too small for accurate 
work: paper distortion, errors in register, and a host of other factors militate 
against accuracy, while the map is of necessity highly generalized. On the 
other hand, rigid survey methods of levelling required heights for oneself 
involve a volume of work generally quite beyond the available time and 
resources of the research worker. The task can be much eased however by 
intelligent modification of normal survey practice. A telescopic level and 
heavy staff are quite unnecessary. The heights required are accurate enough 
if obtained to the nearest foot, and this accuracy is readily obtainable by using 
a simple reflecting level, maintained at a constant height above the ground by 
balancing it on a broomstick of convenient length. Another broomstick, 
graduated in feet, or a banderole pole, can be read by estimation to 0-1 foot. 
So long as the lines of levelling are not too long heights obtained by the use 
of these simple instruments can be relied on to 0-5 foot: at any rate to within 
a foot. In the study made of the North Tyne, the height of the river was 
determined about six times per mile of actual river length by levelling in from 
the nearest O.S. Bench Mark with these instruments. Critical sections of 
river were levelled in detail. Long lines were closed on another B.M., and 
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differences adjusted: they seldom reached 1 foot. Mean heights of all un- 
doubted terraces were determined by the same method. For the river profile, 
some two hundred odd points were fixed, to a probable accuracy of 0-5 foot. 
The surface used was the actual water surface to avoid difficulties of estima- 
tion in gorge sections where the alluvial flats do not exist. Variations in water 
level were measured and allowed for. The field work involved took three 
weeks, and was made possible by the willing cooperation of my wife, and of 
(now) Lieutenants W. W. Anson, R.£., I. R. Philip, r.a., and Sergeant S. M. 
Gibbons, R.A. It was intended, on completing the long profile, to level 
accurate cross-sections of the valley at frequent intervals, but little of this 
work was completed. The cross-sections which illustrate this paper are com- 
paratively rough, being based for the most part on the various maps, contour 
and spot-height data being supplemented by our own levelling near the river. 

When plotted (Fig. 4, given here, is of course on a much reduced scale), the 
longitudinal profile revealed features entirely in harmony with the general 
topography of the valley as outlined above. In the higher reaches the profile 
is irregular, as would be expected, but is nothing like so steep as is normal for 


. the headwaters of rivers in this region. This in itself would suggest a former 


extension of the headwaters beyond their present limits. In the upper part 
it is noticeable that the curve consistently steepens slightly after the con- 
fluence of major tributaries, from the suddenly increased volume. A few small 
breaks in the profile can be correlated with structural factors, as for instance 
at Kielder School, where a small transverse anticline causes rapids and rock- 
bars. Below the Lewis Burn confluence however the gradient becomes more 
even, and the thalweg curves downward as a remarkably regular flattening 
curve. Just below Bellingham, but above the Rede confluence, it sud- 
denly drops away, and for the remainder of its length is much steeper and 
quite irregular. Some small breaks in the (water-surface) profile represent 
weirs, but the major ones are coincident with the gorge sections, and represent 
the rapids and rock-bars in them. The Whin Sill causes such a break, but a 
surprisingly small one. The remarkable drop at Warden Mill, within a mile 
of the South Tyne is perhaps the most arresting feature. To sum up, it is 
clear that the middle portion of the river is very nearly graded, but that the 
lower part is completely ungraded, being broken and irregular. The evidence 
of the profile, coupled with the valley-in-valley form, points clearly to 
rejuvenation, and it would appear that the “knick-point”’ is just below Belling- 
ham, at a height of about 350 feet O.D. 

In advancing a hypothesis of rejuvenation, it is necessary to consider 
alternative explanations. The most significant, and the one much favoured by 
the older school of geologists, is that of rock-bars, i.e. of differential resistance 
of the valley floor. In the case of the North Tyne there is no evidence to 
support this explanation. The profile break occurs in fairly homogeneous 
sandstones and shales, at a point where the valley is wide, shallow, and open. 
There is no evidence, either on the map or on the ground, of the outcrop of a 
more resistant formation which could explain the break. An alternative 
explanation might be sought in the increased cutting power given by the con- 
fluence of the Rede. However the change seems far too great to be explained 
by this factor alone, while the knick-point is located definitely above the Rede 
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confluence. The rejuvenation hypothesis alone remains, and is much 
strengthened by a consideration of other evidence. As Baulig (1) and other 
writers have frequently stressed, evidence of rejuvenation is much strength- 
ened if the valley in question exhibits the valley-in-valley form. It will be 
appreciated, from the description and the cross-sections, that the lower part 
of the North Tyne has this feature very well marked. A final confirmatory 
line of evidence lies in considering the long profiles of neighbouring and 
related streams. Unless the rejuvenation has been confined to the particular 
stream being investigated, a most unlikely occurrence, neighbouring streams 
should show similar breaks of profile at or about the same situation. (It may 
be noted that there is no reason to suppose that the breaks, even in connected 
streams, will be at exactly the same level: the rate of renewed cutting, and of 
the headward recession of the knick-point, will naturally vary in different 
streams according to a multitude of local circumstances.) Further, if the 
neighbouring streams are connected, 7.e. are all members of the same 
system, and have all been affected equally by the rejuvenation, their upper, 
relatively unaffected, portions should show evidence of having been originally 
graded to a common base level. 

An investigation into this last condition necessitates having equally full and 
exact profile data for all the streams of the region; and in the case in point 
this was not collected. However, rough profiles have been constructed from 
map data, and will be considered below. For the moment it is necessary to 
turn aside to the very practical problem of the reconstruction of the original 
profiles, i.e. of the profiles below the knick-points. Obviously something 
better than prolongation by eye is called for. Professor O. T. Jones was the 
first to attempt a more reliable reconstruction, based upon mathematical 
investigation of the existing portion of the curve (2). His method has been 
developed by J. F. N. Green among others (3), Green finally adopting as a 
working basis, a simple logarithmic formula: 

y=a—k log (p—x), where y=height of any point on the profile, p=total 
length of the stream, x=distance of point from the mouth, and a and k are 
constants. a is simply the height of the source, adjusted to give the best fit, 
while & is a constant determined by trial. 

Green found, in investigating Wealden rivers, that the above formula with 
suitable values for a and k, gave curves which fitted tolerably well the curves 
of the rivers above the rejuvenated section; whereby, considering the formula 
as an exact representation of the original graded curve, the lower missing 
portion could be reconstructed by extrapolation and the height of the original 
base level determined. The method is open to certain disadvantages, both 
theoretical and practical. Both Jones and Green found it impossible to 
arrive at formulae which fitted the whole of the upper, un-rejuvenated, parts 
of their rivers equally well. They used slightly different formulae, and appar- 
ently neither is final. A. A. Miller has shown, in a valuable paper discussing 
the whole subject (4), that a whole range of other formulae can give equally 
good, or better, results. There are other arguments against the method which 
cannot be gone into here, but which all detract from its initial attractiveness. 
However, it does give some reasonably sound basis for deductions, providing 
a formula is used which gives a reasonably good fit for the river in question, 
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that there is an adequately long graded portion remaining on which to 
base it, and that the extrapolation is not too extended. For the North Tyne 
Green’s formula was adopted, and after some experiments it was found that 
with values for a of 870 feet, and for k of 380, a curve was produced which 
fitted the actual thalweg of the river between the Lewis Burn confluence and 
Bellingham remarkably well. The maximum differences, in feet, between 
actual profile, and formula curve, for each even mile between g and 26 were: 
—4, —5. Thereafter the differences increased rapidly, as the thalweg dropped 
away below the knick-point: —16, —32, —35, —45, —53, —58, etc., while 
at a point vertically above the present confluence with the South Tyne the 
computed curve was 143 feet above the actual river level. 

It is evident that, allowing for small irregularities in the thalweg, the fit 
obtained was remarkably good, and gives confidence in the final answer of 
approximately 150 feet as the change of level in the rejuvenation. It may be 
noted that above Plashetts the computed curve rises clear above the thalweg, 
the gap increasing as the watershed is reached. This would tend to confirm 
the suggestion that the present col is not the original source region of the 
North Tyne. It will be noted that the profile of the small Deadwater Burn, 
rising above the gap, is almost exactly parallel to the highest portion of the 
computed curve. Summing up, the evidence afforded by this reconstruction 
(provided the method is sound) indicates that the central part of the North 
Tyne is very nearly graded, and to a base level about 150 feet above the 
present. The lower part has almost certainly undergone rejuvenation to this 
extent, and is still in a stage of youth, being unadjusted and most irregular. 
The knick-point would appear to be at a level of about 350 feet O.D. 


Cross-sections 


It has been recognized by authorities on river problems that confirmatory 
evidence of rejuvenation data may be afforded by a study of cross-sections of 
the valley. In theory, if the latter show the correct valley-in-valley form, with 
shoulders and an overdeepened central trough, one should be able to re- 
establish the level of the original valley floor at the point of cross-section by 
continuing the curves of the shoulders across the trough; and the level so 
determined should conform approximately with that determined by the extra- 
polation development of the long profile. As Baulig (5), among others, has 
pointed out however no exact agreement can be expected; the shoulders 
themselves must have undergone some erosion since the earlier cycle, and at 
the best only a rough coincidence of levels can be hoped for. Baulig con- 
siders that agreement to within several metres is all that can normally be 
expected. 

For the North Tyne eighteen cross-sections were drawn as shown in the 
accompanying figure; unfortunately, as explained, they are only based on 
map evidence and are therefore not of an order of accuracy comparable with 
the long profile. The deduced original valley-bottom levels derived from 
these cross-sections have been plotted on to the diagram of the long profile. 
They appear to fall into two distinct bands: one roughly parallel to, but 
lower than, the reconstructed long profile; the other some 50 feet or more 
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above it. The data on which these points rest are too rough to allow any 
reliable inferences to be drawn from them; thus it is possible that the upper 
band represents the old valley floor before the rejuvenation, the 50-foot 
difference in level being partly due to the inaccurate method of reconstruction, 
partly to the fact that the cross-section points represent valley-bottom levels, 
the long profile the water-surface level (there is always a 10-foot difference at 
least between the two). On the other hand, the upper band may conceivably 
represent an even older and higher valley floor. There is a definite impression 
in many of the cross-sections of a double set of shoulders, but with drift 
encumbering the valley sides it is difficult to place much reliance on this. In 
short, the evidence supplied by the cross-sections, while definitely confirming 
rejuvenation, does not agree ideally in quantitative aspect with the long profile 
reconstruction. Until more reliable data are available it would be rash to 
place too much reliance upon it. 


River-terraces 


The North Tyne valley is rich in river terraces which occur at a variety of 
heights above the present stream, and include a number of different types. 
Investigation of them is complicated by the ubiquitous presence of pseudo 
terraces cut in the drift, and in 1939 little more was done than the taking of 
mean surface levels of the more prominent exposures, and the sketching of 
their distribution on the 6-inch maps. No attempt will therefore be made to 
classify or interpret these features save on a purely topographic basis. The 
old 1883 edition of the 1-inch Geological Survey maps recognizes three main 
groups (presumably by height) two of which are noted as being compound 
but undifferentiated. The new edition, on which the Survey officers were 
engaged in 1939, has been held up by the war, and the findings of Dr. Fowler 
and Mr. Carruthers are therefore not available. With the exception of an 
early paper by Hugh Miller (6), little has been written about these terraces, 
though to appearance they would well repay investigation. 

On a purely topographic basis, the terraces appear to fall into three or four 
groups. 

First there are the gravel and alluvial flats of the present river, the flat 
pasture haughs, about 10 feet above the summer low-water level. The height 
of these flats above the water is an indication of the great and rapid rise in 
level these streams experience after heavy rain or snow. These flats are con- 
tinuous from Kielder down to Redesmouth, but are absent from the gorge- 
sections lower down. 

Of higher level, but still apparently fairly recent, are patches of gravel 
terraces around the mouths of many tributary burns. These are akin to 
detrital fans, and are well developed around the mouths of the Lewis, 
Hawkhope, Whickhope, and Nunwick Burns. The Hareshaw Burn, at 
Bellingham, has spread a surprisingly wide and high fan of coarse gravels 
across the valley floor between Bellingham and Redesmouth. It seems pro- 
bable that glacial melt-waters contributed to the formation of this feature. 

Many of these recent terraces show the typical slip-off stepped series on 
convex bends of the river. 

Above these recent formations are scattered patches of higher, and pre- 
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sumably older, gravel terraces. These occasionally form flat benches of con- 
siderable extent, very obvious to the eye. The gravels are generally thin, and 
overlie thick drift. The higher patches are seldom topographically significant, 
being simply thin veneers of gravel on drift: their riverine origin is often open 
to doubt. Representative surface levels were taken of all the more obvious 
patches, and at many points it was found, contrary to Hugh Miller’s con- 
tention, that they paired off exactly in height on either side of the valley. 
Representative levels have been plotted in on the long profile diagram. It 
will be seen that above Bellingham the terraces fall into two main groups by 
height, with various intermediate examples: A group about 25-30 feet above 
river level (15-20 feet above the alluvial flats), and a group 40-50 feet above 
river level (30-40 feet above the flats). These groups maintain consistently 
the same heights above the present river curve, and may be regarded as true 
rejuvenation terraces. It may be noted that the curve formed by the valley- 
bottom levels deduced from cross-sections in the part below Bellingham con- 
tinues the general curve of the upper terraces in the higher reaches of the 
river. 

In the lower part of the valley terraces are multiple and difficult to group 
by height. The highest ones, which are 80-100 feet above river level at the 
South Tyne confluence, group roughly along the reconstructed long profile; 
but there are other groups which are aligned rather with the present profile, 
although high above it. It would appear that these terraces have been formed 
by stages during the down-cutting. 

No attempt has been made as yet to correlate individual terraces, much less 
to date them. On the sketch-maps included of parts of the valley various 
terraces are distinguished by cross-hatching. It is stressed that similarity in 
shading between diagrams in no sense implies that the terraces so shown are 
thought to be related. In fact no attempt has been made to indicate such 
possible correlations, the diagrams being entirely independent. Correlations 


and interpretations must await the opportunity of much more detailed field 
investigation. 


The longitudinal profiles of the Tyne and its tributaries 


The evidence for the rejuvenation of the lower course of the North Tyne 
has been reviewed; it remains to examine the other branches of the Tyne to 
see whether they show similar features. To this end long profiles have been 
constructed from the 1-inch and 1/25,000 contoured maps, which are repro- 
duced here in the form of a combined diagram (Fig. 5). The main Tyne 
valley is certainly, and very obviously, overdeepened ; down to Newcastle the 
river flows in a deep and steep-sided trench into which smaller tributaries 
tumble with steep gradient. At the extreme head the trench is continued 
across into the Solway drainage area by a wide and deep dry gap (the Green- 
head-Gilsland gap), which was in part cut by glacial overflow waters 
(Trotter (7)). The profile of the Tyne up this main east-west trench is a 
regular and gently rising curve; but all the tributary streams—South Tyne 
(above Haltwhistle), Haltwhistle Burn, Allen, Devil’s Water, and Derwent 
on the south, and North Tyne and Ouse Burn on the north—show marked 


breaks in their profiles shortly above their confluences with the main river. 
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On the diagram the curve of the upper South Tyne has been continued down- 
wards by eye; and it will be noted that the profiles of all the other rivers, con- 
tinued down in the air beyond the knick-points, grade neatly on to this curve. 
The reconstructed profile passes the mouth of the North Tyne valley at about 
250 feet, or almost exactly at the height deduced for the earlier confluence 
level of that river, and reaches the estuary region at a level of about 150 feet, 
almost exactly the level of the lower knick-point in the Derwent, and the 
marked break in the Ouse Burn. The diagram reveals other interesting 
features. The profile of the Seaton Burn, a small river running out to the sea 
just north of the Tyne, has been added in, and it will be seen that it, also, has 
the marked break at about 150 feet. At the other end of the scale, the profile 
of the North Tyne has been continued upward across the divide and the 
Liddel valley into the moors beyond Liddesdale, and it appears that the 
North Tyne may well have drawn its headwaters from that region. Finally 
the Derwent calls for mention. It shows a well marked treble curve, with a 
break at a level of about 550 feet as well as the 150 foot one. The upper 
break occurs at the point where the upper Derwent, which flows east, sud- 
denly turns north. Trotter (op. cit.) and many other authorities have inde- 
pendently suggested that at this point the upper Derwent, which originally 
continued eastwards to the sea, was captured by a tributary of the Tyne. 
The profiles shown in this last diagram are admittedly very rough and on a 
small scale: detailed levelling comparable with that done in the North Tyne 
valley would be necessary before the evidence could be finally accepted; but 
with due regard for the limitations of the data they do suggest very strongly 
that the whole of the Tyne system was affected by the rejuvenation. The 
cause of the rejuvenation presents a more difficult problem. Professor G. 
Hickling, who very kindly read through the notes for this paper and offered 
many useful suggestions, is inclined to the view that overdeepening of the 
main Tyne valley by ice scouring can explain the rejuvenation. There is 
indeed little doubt that glacial erosion has contributed much to the remark- 
able hollowing-out of the Tyne valley. Borings have revealed the presence of 
a deep and most irregular buried channel in the estuary region, which was 
most probably scoured out by ice and later infilled with drift. On the other 
hand the Seaton Burn, and to a lesser extent other rivers farther north, show 
similar breaks in their profiles, although quite independent of the Tyne 
system, while all observant travellers must have been struck by the repeated 
presence of incised rock-gorges through which the coastal streams of North- 
umberland and northern Durham reach the sea. These features would 
appear to argue for an explanation involving a change of sea-level, whether 
general or local; but although various dubious raised beaches have been 
claimed on the coasts of Northumberland and Durham, no discussion of this 
most intricate and dangerous problem can be attempted here. It may be 
noted however that W. B. R. King has recorded marked profile-breaks in 
Pennine streams of northern Yorkshire, and favours a rejuvenation explana- 
tion for at any rate the major ones (8), while breaks have been noted, though 
not studied, in the upper Wear and Tees. Much work remains to be done 
before these various possibilities can be sorted out and crystallized into a 
definite hypothesis ; it is to be hoped that when settled conditions return this 
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work, and its correlation, may be continued and that it may contribute 
towards the emergence of a fuller and more connected picture of the topo- 
graphical evolution of north-eastern England. 
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THE FLUCTUATIONS OF LAKE NYASA 
F. E. KANTHACK, c.M.G., M.INST.C.E. 


We have received from Mr. F. E. Kanthack, c.m.c., of Johannesburg, a 
long memoir on the Hydrology of Lake Nyasa with extensive tables and diagrams, 
which it is impossible to publish fully in present circumstances. We have been com- 
pelled therefore to make a summary of his observations and conclusions. Owing 
to present slowness of communications we have not been able to submit a proof of 
this summary to the author, and the Editor must take responsibility for any errors 
in it, or in the explanatory passages in square brackets which the considerable 
abbreviations made necessary. The complete manuscript of this important study 
will be preserved in the Library of the Society for the information of students.— 
Ed. G.7. 


Early history of the Shire 


IVINGSTONE made three trips up the Shire in 1859. The first two in 

January and March took him only as far as the lower end of the cataract 
section or Middle Shire. On his third journey in August he went round the 
cataract section and followed the Upper Shire to the discovery of Lake Nyasa 
on 16 September 1859. 

In 1861 he carried a boat up the Middle Shire and navigated the upper 
river for the first time. Livingstone observed the annual rise and fall of the 
lake—about 4 feet. He had certain trouble with the sudd, but had no par- 
ticular difficulty in the navigation above Matope, where in 1861 he found 
soundings from 9g to 15 feet, though he considered the steamer Pioneer, which 
required 5 feet, drew too much water. In 1866 conditions were much the 
same. 

In 1878 the African Lakes Corporation opened the Shire to navigation. 
The upper river was broad and deep. Anything less than 8 feet of water was 
viewed with concern, but there was sufficient at all seasons of the year and 
for many years afterwards (F. L. M. Moir, ‘After Livingstone’). In 1890 
there was still sufficient water to enable the steam launch to reach the lake 
regularly. 

In his report of 1927 Mr. Anthony relates that an experienced captain had 
told him that up to 1905 it was nearly always possible to work steamers and 
barges from Liwonde to the lake, the Matope and Mpimbe sections having 
been abandoned about 1902. After 1905 it was impossible to navigate even 
to Liwonde from October to January, and from 1910 until 1927 the Upper 
Shire had been useless as a waterway. 

In 1902 the lower sections of the river were navigable from the Zambezi to 
Chiromo. By 1908 the navigation above Port Herald had become difficult 
and the railway was extended down to that base. By 1913 navigation up to 
Port Herald had become difficult and the railway was then extended to 
Chindio on the Zambezi. 

In 1927 Messrs. Coode, Fitzmaurice, Wilson and Mitchell made a compre- 
hensive report on the Shire River for the Nyasaland Railways. At a time 
when the river was at its worst Mr. P. A. Anthony of that firm found that 
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there was then no fall at all of the water level between the lake and Liwonde 
about 50 miles to the south. At this place there is a hard rock barrier which 
has resisted erosion and maintained the very flat gradient of the Upper Shire. 
From Liwonde the river has a slight fall for about 25 miles to Matope at the 
head of the cataract section. When the flow of the Upper Shire is small, bars 
of silt are formed at various places and their development is greatly assisted 
by the rapid growth of reeds, papyrus, creeping grasses, and a large duck- 
weed, which form a dense mass of sudd and block the river entirely. 

There are four critical points where bars are thus formed. The Mpondas 
bar is at the lake outlet which with its attendant sudd is kept open for the 
regular steamers based on Fort Johnston. The Palombe bar is just north of the 
entry of the Shire into Lake Malombe and is formed by the backwash of 
annual floods from the various streams discharging into the lake. The Nkasi 
bar is about 7 miles south of the exit of the Shire from Lake Malombe and is 
formed by silt brought down by the tributaries Nkasi and Nkangai. The 
fourth bar, called the Nvera, forms at the junction of the river Rivi with the 
Shire a little above the Mpimbe railway bridge. These bars are shown on the 
sketch-map. As there is a fall of about 10 feet between Liwonde and Mpimbe, 
the really obstructive bars are the second and third, of which the third is the 
more important. The report states that these bars began to form in 1911 
and continued to grow until 1921. 

[The tracing sent by the author shows the Palombe bar just south of the 
exit from lake Malombe: but several passages in the text require that it shall 
be placed at the entrance of the Shire to the lake, as on our map.] 


Lake levels 


Livingstone left no records of levels. The first record was marked on a 
rock by the crew of the Mission lake steamer Jtala in 1874, and is said to be 
very little lower than the highest level in 1937: 23 feet 8 inches on the Fort 
Johnston gauge. At any rate in 1874 the water was high. 

From 1895 rough records were kept at Nkata until 1914, the gauge zero 
being supposed to correspond to 18 inches of water on the lake bar at Fort 
Johnston in January 1895. Mr. Anthony reported in 1927 that the files of the 
Marine Transport Department at Fort Johnston recorded that the Nkata 
gauge was washed away several times and its correct replacement is doubtful. 

From 1914-16 captains of steamers recorded the lake level from time to 
time on the smooth rock surface at Monkey Bay. These records are described 
as “‘a confused mass of figures difficult to decipher.” 

From the beginning of 1916 monthly readings have been made at Fort 
Johnston bar on a gauge erected there. If the gauge had been erected in 
1915, it is probable that the record low reading for that year would have bee:. 
about 8:0 feet on the gauge. The lake had fallen about 12 or 13 feet since 1874. 

As the level in the lake dropped between 1900 and 1g10 the discharge 
became insufficient to keep the Upper Shire scoured and by the growth of 
bars the discharge from the lake was practically cut off by 1911. In 1933, when 
the level of the lake had reached 20 feet 6 inches, the bars were overtopped 
and were eventually washed away, but the scouring of the Upper Shire 
River was slow as the lake continued to rise until May 1937. Even in 1939 
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the river had not been fully scoured. At the end of May the level was 25 feet 
and the country above Liwonde was inundated, which had not happened for 
a very long time. The bars are reinforced by masses of highly resistant sudd 
and so are destroyed slowly. When in 1938 a record flood passed down the 
Shire River, inundating large areas of the flat valley in its lower reaches, that 
does not imply a record high discharge, but only the sudden release of a large 
volume of water into the river which had been comparatively dry for forty 
years and had become overgrown and blocked up. It had taken fifty years 
for the lake to fall from a fairly high level to its minimum of 1915, and it took 
twenty-two years to build up its level again to the maximum of 1937. 

Up to 1940 the lake levels were being well maintained, the maxima in 
April and May being practically the same as the high peak of 1938. This state 
of high level equilibrium may be maintained for a long time, for native 
tradition has nothing of large lake and river fluctuations in the last century. 


Evaporation from the lake surface 
Evaporation from the surface is evidently a factor of the first importance 
in estimating the annual rise and fall of the lake, but it is in such a case 
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Monthly Evaporation in inches 
Fig. 1. Evaporation graph, Livingstone, Northern Rhodesia 


extremely difficult to estimate. Some ten years ago in connection with a very 
large hydro-electric project in Northern Rhodesia I studied the records which 
had been made by the Northern Rhodesia Meteorological Service in the large 
evaporation tank there. The series had been discontinued about 1930, as the 
tank had become a breeding ground for mosquitoes. The object of my study 
was to find the relation between the monthly evaporation, the mean monthly 
temperature, and the mean relative humidity. The Livingstone tank readings 
were coordinated with full records of temperature of the air and water, the 
relative humidity, and other factors. Such full records are rare in South 
Africa. A graph of the results is given in Fig. 1. From this graph the gaugings 
of the Mulungushi reservoir, 40 miles east of Broken Hill, have been studied, 
taking the temperature and humidity figures for the reservoir as being the 
mean of those recorded at Broken Hill, 30 miles west, and M’Kushi, about 
50 miles east of the Mulungushi Dam. The reservoir has an area of about 
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7 square miles and is about 4000 feet above sea level. The capacity of the 
reservoir is known for the full range of the water depth and the discharge is 
known from the daily records. For about six months in the year the inflow 
is very small, so that evaporation losses can be computed within a reasonably 
small margin of error. Eighteen years’ observations gave a total evaporation of 
84 inches per year, with a minimum of 5'2 inches in June and a maximum of 
g': in October. It has been established in many places that evaporation 
depends principally upon the mean temperature, that relative humidity is 
second in importance, and that the effect of wind has been greatly exaggerated. 

For Lake Nyasa the required data are scanty. There are temperature 
records for three coastal stations from 1931-39. The only records of relative 
humidity are at the Salima Cotton Experiment Station at the foot of the 
western escarpment about 12 miles from Domira Bay and 420 feet above the 
lake. The mean temperature at Salima is considerably higher than at Domira 
Bay, and the number of rainy days considerably less than at all lake stations 
except Fort Johnston. 

The Northern Rhodesia records show that relative humidity increases with 
mean rainfall and as the number of rainy days increases. I have assumed that 
for the seven wet months November to May the relative humidity on the lake 
will be 15 per cent. higher than at Salima, and during the five dry months at 
least 10 per cent. higher. 

Taking the monthly average temperatures at five lake stations from 1932-38 
and assuming corrections for relative humidity to the chart based upon the 
Livingstone data, I estimated the monthly evaporation for Lake Nyasa in 
inches, which varied from 5-0 in March to g:2 in November and gave a total 
for the year of 83-9, which is the same as the estimated evaporation from the 
Mulungushi reservoir. In default of any better method, I have assumed the 
figure 84 inches as the annual evaporation of the lake. 


Discharge from the lake into the Shire River 


The discharge has varied very much in the brief period of which there is 
some observation. From the discovery of the lake by Livingstone in 1859 
until the end of the century the mean annual discharge must have been fairly 
high, about 7000-8000 cusecs. In 1914 the discharge passing over the Nkasi 
bar is not likely to have exceeded 500 cusecs. Between 1920 and 1930 photo- 
graphs taken at the Blantyre—Tete crossing show discharges which could not 
have exceeded a few hundred cusecs. By 1932 it must have dwindled to about 
100 cusecs before the bars were overtopped and their destruction began. As 
it requires a mean discharge of about 850 cusecs throughout the year to lower 
the level of Lake Nyasa by 1 inch, the small discharges between 1920 and 
1930 can have had no appreciable effect on the lake levels, and until the mean 
annual discharge exceeds 2000 or 3000 cusecs, it cannot be an important factor 
in influencing the balance between rainfall and evaporation. 

The annual rise and fall in the lake level averaged 39 inches between 1896 
and 1914, when lake levels were falling, and 32 inches between 1914 and 1938, 
when lake levels were rising. The lake reaches its highest level about April 
or May and its lowest about December. If the bar at Nkasi were more or less 
scoured away, the discharge at its high level in April could easily reach 
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15,000 cusecs, and some figure not much in excess of this can be assumed as 
the maximum discharge. At minimum lake level in December the discharge 
would probably be reduced to a half to two-thirds of the peak discharge. 

In June 1939 I made a rough gauging of the discharge near Matope, about 
10,000 cusecs, which must have been near the maximum discharge for that 
year and bears out the theory that in 1939 the Shire had not reached its 
maximum discharging capacity. In October 1939 Mr. Whitehouse, Super- 
intending Engineer of the Nyasaland Railways, estimated that the discharge 
at Mpimbe bridge lay between 7000 and 8000 cusecs. 


Rainfall records 


There are now a number of well-distributed rainfall stations in the Lake 
Nyasa catchment area of about 40,000 square miles, but the length of the 
regular record is for most of them very short. 

In Nyasaland west of the lake there are thirteen well-distributed stations, 
of which five have records of between twenty and thirty years up to 1938, and 
five others between fifteen and twenty years. When the Nkasi bar cut off the 
flow from the lake to the Shire River the catchment draining into the lake 
area was increased by 1370 square miles. 

In Tanganyika Territory north and north-east of the lake (10,500 square 
miles) there is the heaviest rainfall, furnishing a great part of the inflow to the 
lake. Only Tukuyu has a continuous record of twenty-one years to 1938, and 
four stations have a short record of a few years. 

In Portuguese East Africa along the east coast of the lake (4000 square 
miles) there are no rainfall stations. 

The analysis of rainfall covers the twenty-five-year period from 1914 to 
1938. It has been necessary to extrapolate several station records by careful 
comparison with the nearest stations and by the use of certain old averages 
of German observations. 

The lake itself has an area of 11,600 square miles, and the rainfall upon it 
is taken to be the mean of the fall recorded at seven coastal stations: Fort 
Johnston, Domira Bay, Kota Kota, Chinteche, Karonga, Manda, and Litembo. 
For the calculation of run-off the catchment area has been divided into nine 
parts classified as coastal plain (3 areas), high plateau (2 areas), mountainous 
with high rainfall (3 areas), mountainous with moderate rainfall (1 area): see 
Fig. 2. On this classification I have been advised by Mr. P. L. O’Brien, for 
several years in charge of the Geological Survey of Nyasaland west of the lake 
on behalf of the Anglo-American Corporation of South Africa, Limited. He 
has made a close study of the physiography of the country and of the behaviour 
of the rivers and streams. In default of run-off curves based upon gauging in 
the Nyasa catchment area, I have based the estimated run-off for the coastal 
plain and the high plateau on analyses from two areas in Northern Rhodesia: 
the Mulungushi catchment of 1750 square miles above the power dam, for 
which we have fairly accurate records for eighteen years, and the Lunsemfwa 
catchment of 3000 square miles above the old Broken Hill-M’Kushi road 
crossing, for which there are continuous gaugings for nine years. For the 
mountainous areas I know no similar Central African records and have had to 
draw upon experience of mountainous catchments with heavy rainfall in the 
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Eastern Transvaal, where a few such areas have been studied by the Hydro- 
graphic Branch of the Union of South Africa Irrigation Department. 

These run-off curves are at best approximate. Long study of the two 
Northern Rhodesia catchments shows that run-off is much more dependent 
upon a good distribution and time-spacing of the rainfall than upon the whole 
rainfall during a season. In Northern Rhodesia there is practically no rainfall 
between the end of April and the middle of November. During this dry 
period all stream flow is derived from ground storage. This ground water 
must be replenished by the early rains before any appreciable stream flow 
appears. In fact it requires about 8 inches of fairly concentrated rainfall 
during November and December before any stream flow appears at all. 

Take some figures from the Mulungushi records: In the season 1929-30 a 
rainfall of 31 inches well distributed in time gave a run-off of 8-8 per cent.; 
next season 32 inches with less favourable distribution gave 7-3 per cent.; and 
in 1931-32 a rainfall of 42-3 inches badly distributed gave a run-off of only 
5°8 per cent. There were similar irregularities in the Lunsemfwa records: 
35 inches in one season gave 9°8 per cent., and two years afterwards only 
6-9 per cent.; and 41 inches in the following year yielded only 4:8 per cent., 
whereas 39 inches two years later yielded 10 per cent. 

Unlike Northern Rhodesia, the Nyasa catchment has some winter rainfall 
averaging over 5 inches in the extreme north-west of Nyasaland and over 
10 inches about a limited area round Nkata Bay. Over most of the area the 
winter rainfall average is 2-5 inches. This must increase the annual run-off 
as compared with Rhodesia. 

The calendar year is not a good period for calculating run-off but fits the 
rainfall records, and the lake level attains its annual minimum about the end 
of the year. The most disturbing factor is the uncertainty on carry-over of 
stream flow from one year to the next. A year of heavy rainfall will maintain 
high storage discharges which contribute to the flow of the following year, 
though that may be one of low rainfall. 

The division of the catchment area into nine parts is shown on the sketch- 
map. Area I is a narrow strip of coastal plain about 12 miles wide from 
latitude 12° on the western side of the lake to the southern end. The greater 
part is within the range 500 feet above lake level. The rainfall stations are 
Chinteche, Kota Kota, Domira Bay, and Fort Johnston. [There is a small 
area at the north end of the lake with a rainfall station Karonga whose fall has 
been taken into Area 3.] Area 2 is a strip of escarpment between Area 1 and 
the high plateau of Area 4. Area 3 is the mountainous area north of latitude 
12° lying between the lake and the watershed forming the Northern Rhodesia 
boundary on the west. It includes rainfall stations at Chinteche and Living- 
stonia. Karonga has been taken into it, but these are all close to the lake and 
the Tukuyu rainfall from Area 5 has been taken into it to represent the very 
heavy rainfall of the higher mountain area. Area 4 is the high plateau at about 
4000 feet between the escarpment of Area 2 and the watershed along the 
Northern Rhodesia border. Its rainfall is fairly represented by the four 
stations Mzimba, Kasungu, Fort Manning, and Lilongwe. Area 5 is the 
mountainous area with high rainfall in Tanganyika Territory north-west of 
the head of the lake with one rainfall station Tukuyu. Area 6 is the corre- 
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sponding mountainous area with high rainfall forming the north-east corner 
of the lake’s catchment area in Tanganyika Territory. This is a very impor- 
tant section for which there are very few rainfall records. The valuable 
Tandala record ended in 1913, its average to that date being 57'2 inches. It 
has been necessary to construct approximate rainfalls for Tandala and Manda 
by analogy with the returns from Kota Kota. Area 7 in Tanganyika Terri- 
tory east of the lake has no real rainfall records; figures for Manda, Litembo, 
and Songea have been constructed by analogy with Kota Kota and Karonga 
and Chinteche. Area 8, the narrow strip of coastal escarpment in Portuguese 
East Africa, has also no rainfall stations. An estimate for this area has been 
based upon Fort Johnston. Area g is the area south of the lake which con- 
tributes to the catchment only when the Shire River is blocked, with rainfall 
stations at Fort Johnston and Liwonde. 

The annual run-off for each of the twenty-five years from 1914-38 has been 
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computed from the above stations, using run-off Curve 1 for Areas 1, 8, and 9g; 
Curve 2 for Areas 4 and 7; Curve 3 for Areas 3, 5, and 6; and Curve 4 for 
Area 2. These curves give an estimate of the percentage reaching the lake 
which is expressed also in the volume in thousand millions of cubic feet and 
the equivalent rise of the lake in inches. 

This is the contribution to the lake derived from the 40,030 square miles of 
the catchment area. To this must be added the rain falling on the 11,600 
square miles of the lake surface estimated from the rainfall at the seven coastal 
stations on the lake, which in the twenty-five years averages about 49 inches as 
compared with the 44 inches contributed by the run-off in the catchment area. 

[The author’s tables show for each of the twenty-five years 1914-38, 
and for each of the nine areas into which the catchment has been divided, the 
year’s rainfall, observed or in some cases estimated by analogy, for each of the 
stations taken as representative of the area; the means of the rainfall for these 
stations ; the percentage run-off taken from the graphs of Fig. 3; the deduced 
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run-off in inches; and the volume of the run-off in millions of cubic feet. One 
inch of rain falling on 1000 square miles amounts to 2-323 X 109 cubic feet. 
The area of the lake is taken as 11,600 square miles, so that an inch of rain 
falling on the lake contributes 26-95 x109 cubic feet. The reciprocal of 
26-95 is 0°037106, so that the run-off from any area in thousand-millions of 
cubic feet, multiplied by 0-037106 gives the corresponding rise in the lake. A 
discharge of 1000 cusecs by the Shire River comes to 31-56 x 109 cubic feet 
per year, or a fall of 1-17 inches in the lake level. 

It has not been possible to print these tables in full. The following sum- 
maries for the nine areas show the mean rainfall for each station, and the 
highest and lowest in the twenty-five years; the general, and the highest and 


Inches 


Fig. 4. Fluctuations of lake Nyasa as observed at Fort Fohnston gauge and as 
calculated by the author 


lowest means for the group; the mean percentage run-off, the run-off in 
inches, and volume in thousand-millions of cubic feet. The table for Area 9 
differs a little from the others because the contribution that area makes to the 
lake depends upon the state of the river Shire. 

The map of the nine areas shows how badly some are provided with rainfall 
stations; the author has exercised his judgment in choosing stations in 
neighbouring areas to supplement their too scanty material. Similarly he has 
been obliged to fill up gaps in the records of some stations by assuming the 
whole or a suitable proportion from their neighbours. Thus for example 
Manda until 1936 and Litembo until 1931 are supplied with the Kota Kota 
figures; Domira is really Fort Johnston until 1931 ; and Karonga is Chinteche 
diminished by one-fifth until 1921. 
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The discharge by the Shire is estimated at 500 cusecs or less from 1913 to 
1932, the corresponding depletion of the lake amounting therefore to half an 
inch or less in each year; from 1933 it is taken as rising 1000 cusecs each year. 
In the absence of any better figures the evaporation from the lake surface is 
assumed to be 84 inches a year. The author’s Table 15 thus shows for each 
year the estimated rise of the lake in inches from the run-off of the catchment 
area and the rainfall on the lake itself; the estimated fall each year due to a 
constant evaporation and a discharge negligible until the last years; the net 
rise or fall in inches each year from these computations ; and the accumulated 
result year by year. This last, and the actual readings of the Fort Johnston 
gauge, are plotted in Fig. 4.] 


RAINFALL AND RUN-OFF OF NYASA CATCHMENT AREA, 
1914-38 

Area 1. Coastal plain: 3760 square miles. 

Fort Johnston... .. Mean 30°1 inches 44°7 (1926) 16°3 (1935) 


Domira Bay 31°8 38°3 (1934) 23°4 (1935) 

Kota Kota ss ace 51°7 82°7 (1925) 31°4 (1922) 

Chinteche .. 69°2 94°3 (1920) 45°1 (1927) 

Mean of four stations... (1925) 38°7 (1932) 

Calc. run-off 18% 31 (1925) 12°0 (1932, 3,5, 7, 8) 
or inches of rain 9°72 21 (1925) 4°7 (1932, 7) 


Volume (in 109 cub. ft.) 183. (1925) 


41°0 (1932, 7) 


Area 2. Mountainous, west of lake, south of lat. 12°: 3600 square miles. 


Chinteche .. Mean 69:2inches 94°3 (1920) 45°1 (1927) 

Kota Kota As a sry 82-7 (1925) 31°4 (1922) 

Dowa 44°2 (1934) 20°5 (1924) 

Dedza 40°3 57°2 (1926) 27°3 (1922) 

Ncheu 38°8 55°4 (1927) 24°7 (1928) 

Mean of five stations is 46°9 61-1 (1925) 37°1 (1922) 

Calc. run-off Be ee 14% 22 (1925, 34) 10 (1922, 4, 30, 32) 
or inches of rain ae 64 13°5 (1925, 34) 3°7 (1922) 


Volume (in 109 cub. ft.) 


113 (1925,34) 31 (1922) 


Area 3. Mountainous, west of lake, north of lat. 12°: 7000 square miles. 


Tukuyu.. .. Mean 101°2 inches 156°5 (1919) 69°7 (1933) 
Karonga .. 53°1 76°0 (1920, 31) 32°3 (1926) 
Livingstonia 60°3 103°8 (1934) 40°5 (1914) 
Chinteche .. ee as 69°3 94°3 (1920) 45°1 (1927) 
Mean of four stations .. 70°9 89°3 (1934) 50°6 (1938) 
Calc. run-off 31% 47 (1934) 20 (1933) 

or inches of rain 23 42 (1934) 9 (1938) 

Volume (in 109 cub. ft.) 374 683 (1934) 146 (1938) 


Area 4. High Plateau, west of lake: 9800 square miles. 


Mzimba .. .. Mean 33°7inches 49°5 (1926) 28°5 (1937) 
Kasungu 44°5 (1934) 22°6 (1933) 
Fort Manning... 39°7 §2°5 (1925) 28-4 (1935) 
Lilongwe .. 33°6 46°4 (1925) 18-5 (1935) 
Mean of four stations oe 348 44°5 (1925) 25°8 (1935) 
Calc. run-off as r 9% 12 (1925, 34) 6 (1924) 

or inches of rain $3 5°5 (1925) 1°6 (1924) 


Volume (in 109 cub. ft.) 74 125 (1925) 36 = (1924) 
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Area 5. Tanganyika, mountainous, west of long. 34°: 2500 square miles. 


Tukuyu .. Mean 100°5 inches 156°5 (1919) 
Calc. run-off > ie 53% 7o (1919) 
or inches of rain 552 109°6 (1919) 
Volume (in 109 cub. ft.) 320 637 (1919) 


Area 6. Tanganyika, north-east: 2400 square miles. 

Tukuyu! .. Mean 100°5 inches 156°5 (1919) 
(1925) 
82-7 (1925) 
g1°0 (1925) 
48°5 (1925) 
44°1 (1925) 

246 (1925) 


Tandala .. 57°0 
Manda 51°7 
Mean of three stations 
Calc. run-off 

or inches of rain ‘ 

Volume (in 109 cub. ft.) 


Area 7. Tanganyika, east: 5600 square miles. 

Manda . Mean so-4inches (1925) 

Litembo .. 50°4 827 (1925) 

Songwe? .. 58-4 84:0 (1931) 

Mean of three stations aa §2°3 77°8 (1925) 

Cale. run-off 17% 33 (1925) 
or inches of rain ; 9°2 26 (1925) 
Volume (in 109 cub. ft.) 120 338 (1925) 


Area 8. East coastal area south of lat. 11°: 4000 square miles. 


Fort Johnston 

Calc. run-off 
or inches of rain 
Volume (in 109 cub. ft.) 


. Mean inches (1926) 
15 (1926) 
6-7 (1926) 
62 (1926) 


60°1 (1938) 
23 (1938) 
14°2 (1938) 
81 (1938) 


60°1 (1938) 
360 (1922) 
31°4 (1922) 
51°6 (1922) 
18 (1922) 

9°3 (1922) 
52 (1922) 


(1938) 
31°4 (1922) 
(1926) 
27°3 (1915) 
7 (1915) 
2 (1915) 
26 (1915) 


16°3 (1935) 
4 (1935) 
(1935) 
6 (1935) 


Area 9. South of lake, 1914-33 when Shire blocked: 1370 square miles. 


Fort Johnston .. Mean 30°2inches 44°7 (1926) 
Liwonde .. ay ne 32°6 52°5 (1925) 
Mean of two stations oa 31°4 47°2 (1925) 
Total percentage .. Ls 9 16 (1925) 
Estimated percentage 

reaching lake .. 75 
Estimated inches flowing 

into lake 2°5 
Vol. (in 109 cub. ft) run- 

ning into lake .. és 8 


16 (1925) 
7°5 (1925) 


24 (1925) 


Summary 
Mean total volume from 


19°5 (1928) 
18-1 (1924) 
20°0 (1924) 

5 (1924) 


3 (1914, 15) 
1'0 (1914, 15, 24) 


3 (1914, 15, 24) 


1181 X 109 cub. ft. 
43°8 inches 


nine areas 

Equivalent rise in ‘lake 

Rain at seven coastal 
stations .. 

Volume falling on ‘lake 


1875 (1934) 521 (1938) 
69°6 (1934) 19°4 (1938) 


67°3 (1925) 
1812 (1925) 


48°7 inches 
1301 X 109 cub. ft. 


37°3 (1938) 
1004 (1938) 


' In the author’s Table 6 rainfall of Tukuyu for 1938 is given as 77°20; in Tables 
1 and § as 60°05. 

2No rainfall station Songwe is shown on the author’s map: but a note to his 
Table 1 gives Songea among records from German sources prior to 1914, and later 
figures up to 1928. 
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The balance-sheet of the thus calculated accretion and discharge expressed 
in inches of rise and fall of the water surface is shown on the graph. While 
the last calculated gauge reading is practically the same as the last observed, 
there is a great divergence in the run of the twenty-five years. It appears from 
the results for 1925, 1931, and 1934 that the run-off curves give excessive 
results in high rainfalls. During the early part of the record gaps had to be 
filled by estimation, and the estimates between 1914 and 1919 for such impor- 
tant stations as Tukuyu, Karonga, and Kota Kota were probably excessive. 
Moreover, to estimate a constant annual evaporation of 84 inches can be 
justified only in a preliminary study. The figures do seem to show however 
that to maintain a stable level in the lake the discharge into the Shire should 
be about 7000 cusecs, varying from say 8000 at high lake level in April to 
4000 at low lake level in December. Such stability could in my opinion be 
secured by a moderate amount of dredging and sudd cutting in the regions 
where bars tend to form. It would probably be necessary only in the neigh- 
bourhood of the Nkasi and Nvera Bars. Much improvement could no doubt 
be made by undertaking systematic anti-erosion work in the Upper Shire 
catchment, which is urgently required for other reasons. 

[The author considers that his run-off curves probably give too high a value 
when the rainfall is heavy, but remarks also that the figures must be affected 
by storage of water afterwards released in springs, which would equalize 
the flow of the streams. He does not consider the possibility of springs in the 
lake bed. The great divergence between prediction and observation in the 
years 1917-21, when calculation gave a rise of about 64 inches and the lake 
actually fell a little, added to the sharp contradiction in the single year 1925, 
when a rise of 53 inches is calculated and none observed, are mainly 
responsible for the major displacement between the two curves; but the 
effective difference between them is better put thus: In the thirteen years 
1913-25 the calculated rise was 107 inches greater than the observed; in the 
thirteen years following it was 100 inches less.] 

Lake levels and sun-spots 


In a paper in Nature of 1 November 1924, Dr. Dixey considered that 
Nyasa lake-levels can be correlated with relative sun-spot numbers. In the 
previous year Dr. Brooks, of the Meteorological Office, had published a graph 
showing a striking correlation between sun-spot numbers and the level of 
Lake Victoria for the years 1902-21, and Dr. Dixey considered that the 
Nyasa observations supported such a connection. In Physical Department 
Paper No. 35 however Dr. Hurst and Dr. Phillips have shown that the striking 
likeness between the two curves up to 1922 disappeared in the following sun- 
spot cycles. I have plotted the mean rainfall for six stations: Liwonde, Fort 
Johnston, Ncheu, Kota Kota, Livingstonia, and Chinteche, for which records 
are practically complete over the period 1914-38, and have plotted also the 
mean and maximum temperatures against the average annual sun-spot 
numbers published by Dr. Brunner of Zurich, and communicated to me by 
Mr. A. H. Wallis of Cape Town. There is perhaps a vague inverse corre- 
spondence between the maxima and minima of sun-spots and rainfall, but no 
relation whatever between the general curves for the period, nor can I find 
any correspondence with the temperature curves. 


. 
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[The author had plotted the sun-spot curve against rainfall, and against a 
brief series of temperatures on the lake. We have preferred to plot it against a 
lake-level curve extended backwards to 1895 from the earlier figures collected 
by Dr. Dixey, Fig. 5. It was not easy to agree with him that his results for the 
years 1895-1922 “‘indicate that the lake level varies in close sympathy with the 


4 i 1 1 
1895 1g00 1905 1910 1915 1920 1925 1930 1933 
Lake Levels 


Fig. 5. Sun-spot curve and level of lake Nyasa 


sun-spot numbers.”” His Nyasa curve had never the striking resemblance 
to the sun-spot curve which Dr. C. E. P. Brooks found for the levels of 
Lakes Victoria and Albert from 1896 to 1922, that was plausibly continued 
over the next sun-spot maximum of 1928, and since then has failed so dis- 
mally, as Drs. H. E. Hurst and P. Phillips have shown in Physical 
Department Paper No. 35, Ministry of Public Works, Egypt.] 


FONUAFO’O OR FALCON ISLAND 


We have received from H.E. Sir Harry Luke, Governor of Fiji and High 
Commissioner for the Western Pacific, the following note on a visit to Falcon 
Island, written by his Director of Lands and Surveys, Mr. F. R. Charlton, 
summarizing to 1930 the history of the island from the Pacific Islands Pilot 
vol. II, and carrying it to the visit in November 1940 here related. The photo- 
graphs of November 1940 here reproduced should be compared with the two pub- 
lished in the Pilot, which show the island 475 feet high, with steep cliffs at the 
eastern and western ends, and a low central strip between them. 


HEN returning from an official visit to Samoa and Tonga in Royal 

Colonial Ship Vit?, His Excellency the Governor and a party consisting 
of the writer; Dr. Duncan Macpherson, Acting Director of Medical Services, 
Fiji; Mr. A. C. Reid, a.p.c.; Mr. Hills, First Officer; and Mr. D. Tovey, a 
Chief Petty Officer of the Fiji Naval Volunteer Force, landed on Falcon 
Island on Saturday 23 November 1940. Fonuafo’o or Falcon Island is in 
lat. 20° 19’ S., long. 175° 25’ W., about 50 nautical miles north-westerly 
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from Nukualofa, the capital of Tonga. It was first seen as a breaking reef by 
H.M.S. Falcon in 1865, and appeared as an island in 1885. In April 1894 it 
had diminished to a low patch barely emerging from the sea, but later in that 
year volcanic activity raised it to a height of 50 feet, it being then 3 miles long 
by 1", miles wide. By 1898 it had disappeared again and was a mere breaking 
shoal. In 1927 it was once more in eruption and had attained a height of 
305 feet. In June 1928, Prince Tugi, Premier of Tonga, accompanied by 
some American scientists, took advantage of its presence to land and hoist 
the Tongan flag. Its maximum observed height was 475 feet in 1930. 

A fresh eruption occurred in 1933 and its height in 1937 was 200 feet, 
which a year later had diminished to 85 feet. It was last reported in 1938 as 
being only 25 feet high. 

Because of these frequent variations in height and shape there was some 
doubt on board the Viti whether the island still existed. We left Nukualofa 
at 5.15 a.m. and at about 10 a.m. were elated to see a thin black line on the 
horizon. On near approach we saw that the island still had a height of 
approximately 20-30 feet, with steep scoria beaches swept by a heavy surf, 
and no sign of volcanic activity. There seemed little hope of effecting a 
landing, but the party embarked in the ship’s life-boat and were towed in to 
closer quarters by the motor skiff. After cruising along the western end of 
the island, which was the lee shore, it was decided to attempt a landing and, 
casting off from the skiff, the life-boat was rowed in, turned stern on to shore, 
and a bow anchor attached to a long hawser was dropped. Watching their 
opportunity, three of the Fijian crew landed with a stern line, holding the 
boat head-on to the seas. After one or two members of the party had landed 
safely, a breaking comber tossed the bow of the boat high into the air and at 
the same time precipitated Dr. Macpherson off the stern into the receding 
surf. The loose scoria forming the beach gave but an insecure foothold 
against the powerful drag of the sea, and he was swept under the boat, 
reappearing on the farther side and might have been crushed under the keel 
but for the timely intervention of one of the Fijian sailors. His Excellency 
and the remaining members of the party landed safely and the boat was 
taken out into safer waters to await their return. 

The party walked inland, ankle deep in black scoria, which was un- 
pleasantly hot. This did not appear to be only surface heat, as it was even 
hotter if one thrust one’s arm, elbow deep, into the scoria. The surface of the 
island was a series of low parallel ridges with wide shallow depressions inter- 
vening: its appearance desolate in the extreme, a waste of blackened cinders, 
simmering under the sun and reflecting its glare without any alleviation for the 
eye, except for one small coconut palm about 3 feet high struggling to live 
some distance inland; a few dead nuts were also lying nearby, obviously 
washed up by the sea. But it could never have germinated unassisted in those 
cinders. Certain it is that castaways would not long survive on the island, 
without food, water, or shelter from the burning sun, in a spot which is given 
a wide berth by passing vessels. 

After half an hour on shore, collecting rock specimens, the party re-em- 
barked, with some difficulty but in safety, well satisfied with being among 
. the very few Europeans who have landed on this temperamental island. 


THE SITE AND GROWTH OF PARIS 
G. R. CRONE 


_ is impossible now to estimate the ultimate effect of enemy occupation 
on the future of Paris. The history of the city, to a greater degree perhaps 
than that of any other capital, has been closely identified with that of France; 
the mere temporary isolation of a portion of the country, apart from changes 
imposed by transient re-orientation of economic activity, must affect its 
development. The final result may be a measure of that industrial and admini- 
strative decentralization already advocated in some quarters before the war, 
thus lessening the preponderant réle of Paris in French life. An outline of the 
history of Paris and the trends apparent in its development at the outbreak of 
war may give us a basis for interpreting future changes. The following notes 
merely assemble the main conclusions of Professor A. Demangeon’s ‘Paris: la 
ville et sa banlieue,’ 1934, and of other authorities on the history of the city 
quoted at the end of this paper. 

The successive stages in the expansion of Paris from its nucleus on an 
island in the Seine, which are still clearly embodied in its plan, are closely 
related to the topography of its site. Its rise to the position of capital of France 
and to the front rank of world cities has also been promoted by its relationship 
to an area far wider than its actual bounds, but much more by the deliberate 
policy of its rulers. Though geographical advantages are emphasized below, 
it must be understood that these by themselves have not made inevitable the 
predominant position of Paris in French life. 

The characteristic structure of the Paris basin has often been described, and 
it is necessary here to touch only upon those features which are related to the 
city’s growth. Paris lies near the centre of the bowl-shaped depression of 
Tertiary rocks deposited upon an older series which emerge on the surface 
beyond its circumference: the Ardennes to the north-east, the Vosges to the 
east, the Massif Central to the south, and the uplands of Normandy to the 
west. The rocks near the centre are generally horizontal, the limestones inter- 
calated with clays and sands. Towards the east, on the limits of the basin, the 
structure is characterized by roughly concentric belts of alternating uplands 
and lowlands, the more resistant limestones outcropping with eastward-facing 
scarps. Across these belts the rivers have cut narrow valleys which dee pen as 
the surface rises. As the centre is approached the rivers assume flatter pro- 
files, their courses across the plateau become more sinuous, and their incised 
valleys broader. The outer rim of older rocks is interrupted by four wide 
saddles, and the relation of these to the river system is important. The 
Lorraine saddle is close to the upper Marne: the plateau of Langres lies 
between the upper Seine and the Saéne; the plain of Beauce opens a way to 
the middle Loire; and the Poitou gap connects with the lowlands of Gasc ony 
Thus access to the basin has never been difficult, and the routes, which con- 
verge upon Paris, have simplified the task of the builders of roads, canals, and 
railways. 

The variety of rocks of the central dissected plateau, exposed by diluvial 
erosion and the work of the rivers, has produced a corresponding variety in 
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the natural resources: rich soil in the valley bottoms and on the loam-covered 
limestone uplands, forests on the sands and heavier clays. In the Middle 
Ages Paris drew much of its grain supplies from the fertile plains of the Ile 
de France, Vexin, and Valois, within easy reach by land or water. From 
neighbouring quarries too came ample supplies of building stone and road 
metal, and water from the foot of the permeable beds favoured widespread 
settlement. 

A great part of the Paris basin in its widest sense is occupied by the Seine 
and its tributaries. At the confluence of the Marne, a short distance east of 
Paris, the Seine has received all its important tributaries, with the exception 
of the Oise, thus emphasizing still more strongly the convergence of routes 
upon this centre, and ensuring to it the control of water traffic between the 
upper and lower basins. It will be observed also that the upper Loire is 
directed towards Paris before it makes its great sweep to the west. It followed 
also from this position that a south-to-north route, to avoid unnecessary river 
crossings, would tend to strike the Seine below the Marne confluence, and 
this line in early times had the further advantage of an open corridor through 
the wooded plain of Beauce. Near Paris too the character of the Seine changes: 
its profile becomes less steep, its course embarks upon a series of great 
meanders, and the valley in general widens, all considerations which tended to 
make Paris a definite stage in the navigation of the river. Much indeed of the 
prosperity of Paris is bound up with the character of the Seine. Compared 
with the other rivers of France, it is a gently flowing stream, not given to 
exceptionally violent fluctuations in volume, and presenting, at least to 
medieval navigation, few serious obstacles to its use as an artery of commerce. 

With these general considerations in mind, we may turn to the features of 
the actual site of Paris. After receiving the waters of the Marne, the Seine, 
cutting through a line of low heights, begins the first of its loops towards the 
north. On the southern bank it receives a small tributary, the Biévre, which, 
after flowing from north to east, is deflected northwards by a spur of the 
plateau. In general the topography on the south bank is broken and of 
moderate elevation. The plateau, its northern slopes cut by numerous short 
valleys, runs down fairly steeply from about go metres, and thrusts forward 
a low spur, the Mont St. Geneviéve, towards the river. This broken topo- 
graphy imposed limitations upon the city’s early development on this bank, 
but farther to the west near the Champ de Mars a portion of the flood plain 
allowed expansion. Off the Mont St. Genevieve, in the centre of the river, 
lay a number of small islands, now reduced to two (Ile de la Cité and Ile Saint 
Louis). These islands and the numerous side branches which originally 
characterized this stretch of the river, due perhaps to the decrease in the slope 
of the bed, formed a complicated pattern, but it happened that a line from the 
southern height across the present Ile de la Cité avoided most of the obstacles. 
On the north bank the topography contrasts with that of the south. To the 
north extends a semicircle of heights leaving the river at Charonne, on the 
east and running through Ménilmontant, Belleville, Montmartre, and 
Chaillot, returns to the river at Passy. These heights mark the northern 
slopes of the quaternary course of the Seine, the loop of which was much more 
pronounced than that of the present river. Probably owing to changes in the 
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course of the Marne, which increased the velocity of the Seine, the latter cut 
off the extremity of this loop to occupy its present course. Thus the area 
immediately north of the Seine is a segment of a meander plain, approxi- 
mately 6-5 km. from south-east to north-west, and 2 km. from south-west to 
north-east, originally sloping not to the Seine, which cut a narrow bed through 
it, but towards the older course. In the early history of the city this was 
occupied in its western portion by a brook flowing from Ménilmontant, and in 
its eastern end by an area of marshland, Le Marais. The north bank therefore 
afforded ample space for expansion, and the growth of Paris in this direction 
has been closely related to this abandoned river course. At one period por- 
tions of it were incorporated as a moat in the system of fortifications, thus 
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further defining it as a “‘natural” limit of expansion. At times too it has proved 
a source of anxiety to the city engineers, as the Seine in flood has occasionally 
attempted to reoccupy its former bed. Thus in the floods of 1910 sub-soil 
penetration by this channel flooded large areas as far as the Gare St. Lazare. 
The original topography has however been largely hidden by drainage, made 
ground, and buildings. It is important to note also that the northern ring of 
heights is not continuous: Montmartre is isolated by gaps to east and west, the 
former being especially important as it affords an easy line of communication 
northward. 

The significant features of the site therefore are the approach of the 
southern plateau to the river, the islands in the river bed, reducing the diffi- 
culty of bridging, the character of the river itself, the open amphitheatre on 
the north bank, and the breaches in the northern heights. The three main 
areas, southern heights, islands, and northern plain, have persisted from early 
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days as subdivisions with distinct characteristics associated respectively with 
the Université, Cité, and Ville. 

Before the Roman occupation of Gaul, the Ile de la Cité was the site of a 
settlement, Lutetia, the centre of the neighbouring tribe, the Parisii, who 
cultivated scattered clearings in the forests. By this time the Seine had been 
bridged, and the island was close to an intersection of routes, a south-to-north 
land route and an east-to-west land and river way. Roman observers remarked 
upon the busy boat traffic on the river. Under Roman administration the 
principal section of the town was laid out on the southern or left bank, on the 
slopes of the Mont St. Geneviéve, and here were the usual components of a 
Roman town: amphitheatre, temple, baths, and palace. A Roman road from 
Chartres ran northwards across the Ile de la Cité and up through the Mont- 
martre—Belleville gap; on the north bank it was joined by another road 
descending the valley westwards from Melun, and it was around this junction 
that commerce was increasingly to centre. 

During the first centuries of the Middle Ages progress however was slow. 
In the disturbed times following the Roman withdrawal and the Frankish 
advance, when the Roman town on the south bank was destroyed, settlement 
was chiefly confined to the island with two bridgeheads north and south of 
the river. Later, under the Merovingians, order was re-established, and with 
the expanding influence of the Church, the elements of civilized life gradually 
returned. During the reign of Clovis, who had a palace on the island, the 
basilica of SS. Peter and Paul was built in the southern Roman quarter, and 
other churches soon followed (St. Benoit, St. Severin). Settlement on the 
outskirts was encouraged by ecclesiastical foundations, the abbey of St. 
Germain |’Auxerrois on the north bank, and of St. Germain des Prés on a 
former left bank island below the city, and these nuclei were later to be 
absorbed with the extension of the city limits. Thus the surrounding forests 
were gradually cleared during the ninth century, and with the revival of trade 
the value of the position of Paris became recognized—by none more clearly 
than the early rulers of the House of Capet. Indeed it was their great achieve- 
ment to establish Paris as the undisputed capital of France. By their efforts 
the Norman advance was stayed at the city walls after a siege during which 
the southern quarter was again destroyed, and their royal duchy, extending 
north and south of the Seine and conveniently linked by Paris, was welded 
together to become the foundation of the Kingdom of France. 

As their power spread more and more widely, so the influence of the capital 
grew, and to the centralizing policy of the French monarchy more than to any 
combination of geographical factors is due the city’s predominance and 
extraordinary growth. As the seat of the central government, the courts of 
law, and the great university of the Middle Ages, with their attendant social 
worlds, it drew to it with increasing attractive power first the professions and 
trades necessary to sustain their needs, and later industrial populations to 
meet the demand for goods as close to the market as possible. Thus the 
development of Paris has been from an administrative centre to a great 
commercial market, and finally to an industrial concentration. The advent 
of a planned system of roads, of canals, and of railways merely tightened 
the hold of Paris on the country. By the nineteenth century Paris had had 
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too long a start to be seriously challenged as the densest area of population 
by the industrial regions of the north, east, or of the Rhone valley. Moreover 
while French foreign policy with brief interludes sought to win influence in 
continental Europe rather than overseas, the centre of political gravity lay 
behind her northern and north-eastern boundaries. With the growth of a 
colonial empire mainly in Africa, the importance of sea ports increased 
correspondingly, and Marseille in particular grew rapidly, but without 
threatening seriously the predominance of Paris in population or even, if 
waterborne traffic be included, as a port. This concentration of national life, 
wealth, and industry in a single area close to a threatened frontier has latterly 
been seen to be an element of national danger, but no very effective steps 
appear to have been taken to counteract it. 

The effect of this Capetian centralizing policy was soon visible in the 
development of the city, which during the thirteenth century assumed its 
characteristic tripartite form. The Ile de la Cité with its royal palace and the 
church buildings at the eastern end was the centre of royal and ecclesiastical 
administration. In the middle of the century the building of the new cathedral 
of Notre Dame was begun, and the church schools formerly grouped around 
it moved across to the south bank where, around the theological college 
founded by Robert de Sorbon in 1253, the University and its quarter crystal- 
lized. Here gathered besides masters and scholars the attendant scribes, 
illuminators, and binders, followed later by the printers, who imparted to it 
the character which it has since preserved. To the east settled tanners, 
fullers, and other trades making use of the water of the Biévre, and this 
localization has also persisted. 

On the north bank was the Ville, the predominantly commercial quarter; 
upstream from the bridges, along the creeks and quays, grew up the first 
“ports” of Paris. The importance of the river traffic which carried down to 
the city the wines and timber of the upper Seine basin is evidenced by the 
growing influence of the “Corporation of water merchants,” the head of 
which became during the fourteenth century the chief civil officer of the 
municipality. The principal port was on the site now occupied by the Place 
du Chatelet, near the Hotel de Ville, and close to the croisée de Paris, the 
junction of the main routes. Between the water front and the roads were 
established large markets, an area still partly occupied by the Halles Centrales. 

It was around this threefold area that Philip Augustus, between 1180 and 
1210, built the first city wall, defended by some seventy towers, and pierced 
by thirteen gates. From the eastern limit of the trading quarter on the right 
bank it ran in a rough semicircle, the maximum distance from the river being 
about 800 metres, to rest in the west on the recently built fortress of the 
Louvre. On the south bank it enclosed the Mont St. Geneviéve, forming the 
limit of the city in this direction until well into the seventeenth century. The 
next period of growth was therefore on the north bank, at first eastwards 
until the margin of the marshland in the old course of the river was reached. 
This marshland was gradually drained and occupied by market gardens to 
supply the growing city, until it was built over in the eighteenth century. 
The second principal line of fortifications built by Charles V about 1370 
began at the Bastille and incorporated the Louvre on the west. Within the 
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old limits the population was growing rapidly: on a basis of a census of 
hearths taken in 1329 it is estimated that the population was then about a 
quarter of a million, a remarkable figure for the period. The new walls how- 
ever included considerable areas of open land sufficient for some time to 
absorb growth which at first slackened owing to disturbed political con- 
ditions. Though an addition taking in the Tuileries was built at the beginning 
of the seventeenth century, the city was then spreading rapidly beyond the 
walls mainly northwards on the right bank, despite successive royal edicts 
establishing forbidden zones. This policy was partly prompted by fears of 
inability to feed so large a concentration, hence the preservation of the 
gardens of Les Marais and the attention to the water supply. The city was 
dependent largely upon water from the Seine, and during this century it was 
pumped directly from the river at La Samaritaine and the Pont Notre Dame. 
At the middle of the century the population was nearing half a million, a 
stage in its development which was not materially passed until the industrial 
era. 

The next extension of boundaries had a fiscal rather than a military reason; 
to facilitate the collection of the octrot a wall, the ‘““Mur des Fermiers- 
Généraux,” was built between 1784 and 1791, with a radius some 1500 metres 
larger than the preceding. This carried the limits onthe north bank beyond the 
line of the old river course to the foot of the northern heights, and enclosed, 
besides the faubourgs which had grown up along the radiating routes, much 
open land, especially on the south bank. Portions of the old ramparts became 
the line of the great, or inner, boulevards, along which were built the Opéra 
and the theatres of the nineteenth century. Thus another characteristic 
feature was added to the street plan. 

Throughout the eighteenth century the population did not rise above half 
a million, but with the progress of the industrial revolution the city again 
pressed upon its limits. By 1841 the inhabitants numbered 935,000, and it 
was then decided for military reasons to fortify a much extended area. This 
enceinte was thrown along the northern heights beyond Belleville and Mont- 
martre and southwards towards Gentilly and Issy. This brought within the 
limits of Paris a number of considerable towns, for Belleville was at that time 
an independent community of 57,000 people, and Montmartre had a popula- 
tion of 35,000. With the incorporation in 1861 of the communes thus 
enclosed the population of Paris rose to 1,690,000. The wall of the Farmers- 
General then became in part the line of the outer boulevards. 

With. industrial developments and the improvement of communications 
the activities of the population also began to change markedly. Formerly the 
occupation of the Parisian workers, apart from the predominating official and 
commercial classes, had lain mainly in trades requiring inherited skill and 
taste rather than an abundant supply of raw material. With the building of 
canals and railways supplies of materials for heavier industries, particularly 
coal and iron, became readily available, and industry was freed from its 
dependence upon the river front. In the ’twenties there was an epoch of canal 
building. The Canal St. Denis and the Canal St. Martin in conjunction with 
the Seine provided on the north bank a circuit of waterways from St. Denis to 
the upper river at the Arsenal basin, and to this was added a few years later 
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a third, the Canal de l’Ourcq, which joined the system at the basin of Villette. 
Close on the canals followed the railways. On the north bank the gaps east 
and west of Montmartre served as convenient routes ending at the great 
termini of the Gares de l’Est, du Nord, and St. Lazare, placed near the outer 
boulevards. The area enclosed in 1841 made much land available for building, 
and around the canal basins and stations gathered warehouses, abattoirs, 
railway goods yards and repair shops, factories and gasworks, and tenements 
in the neighbouring quarters to house the workers. 

With the building of the canals the prosperity of Paris was even more 
closely linked to waterborne traffic. It is customary to speak of the ‘Port of 
Paris,” but this is not altogether an appropriate term, as the traffic is handled 
at numerous quays and basins along the river and the canal system, and river 
ports have developed up and down stream from Paris to serve the industrial 
suburbs, e.g. at Ivry, St. Quen, St. Denis, and Gennevilliers. Congestion in 
the centre of the city has led to greater development of the quays on the 
extremities, particularly upstream. On the right bank above the Canal St. 
Martin are the wine quays of Bercy, and La Rapée (coal, timber, wood pulp); 
on the opposite bank La Gare (petrol) and Austerlitz (grains, sugar, machin- 
ery). Downstream the coal quay of Javel is important. In the centre 
merchandize and building material is landed at the Louvre. In 1932 approxi- 
mately 15': million tons were carried on the whole system. This is about the 
maximum annual tonnage: in years of depression, especially in the building 
trade, it falls considerably, e.g. to 7 million tons in 1920. The river quays 
dealt with about one-half and the canals and the river outside Paris with 
about a quarter each. In contrast to earlier periods, the greater part of the 
traffic comes up the river; it consists for the most part of coal and building 
material, and the traffic outwards from Paris is a small proportion only of the 
whole. The development of the system within the city is impeded by the 
great number of bridges, lack of space for wharfage, and the absence of 
adequate warehouses and mechanical loading machinery save at a few places. 
Uneconomic methods result also from want of direct connection with the 
railways, so that goods must be unloaded by manual labour, and carried by 
dray or lorry to the stations where they are again transferred by hand. This 
failure of coordination arises partly from the city plan, but also from the 
rivalry between river and railway organizations. In recent years the river has 
been gaining at the expense of the railways; in 1860 67% of the total traffic 
was carried by rail, by 1920 rather less than 50%. 

As a result of the developments described above, the population of Paris 
grew rapidly after 1861, increasing by twenty-five per cent. in the next twenty 
years. From 1881 to 1901 the rate of increase declined somewhat to about 
twenty per cent., but with the beginning of this century the period of rapid 
expansion was approaching its close. The population reached its maximum 
in 1921, with a figure of 2,906,000, but this represented an increase in the 
preceding twenty years of seven per cent. only. The war of 1914-18 had no 
doubt some influence on this slowing-up of the city’s growth, but it had 
already set in before 1911. Since the maximum figure of 1921, the population 
fell to 2,891,000 in 1931, and 2,830,000 in 1936, a decline of roughly two and 
a half per cent. 
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This slowing up of the rate of increase and eventual decline in the popula- 
tion of Paris was accompanied by a very rapid growth in the surrounding 
region, but before dealing with Greater Paris something should be said of the 
distribution within the city limits, its relation to the localization of activities, 
and the changes it has undergone in recent years. The city, that is, the area 
within the enceinte of 1841, plus the narrow military zone around it, the Bois de 
Boulogne, and the Bois de Vincennes, has an area of approximately 78 km?. In 
comparison with other great cities, this is a relatively restricted area, and the 
density of population is consequently high. The administrative County of 
London, for example, had an area almost four times as great. The average 
density of the population of Paris was thus 37,000 per km?. in 1931. The 
corresponding figure for 1896 was 32,000, an increase of 15% in the interval. 
This general increase emphasizes the changes which have occurred in the 
densities of certain areas. 

Two related influences have been at work. With the continually increasing 
scale of operations, industry, which had at first tended to concentrate in the 
northern quarters of the city, as noted above, began to move outwards into 
the open country, where ample and cheap sites, well placed in respect to 
river and rail communications, were available. As a result, the Paris region 
became one of the most important in France for chemical, textile, and 
engineering works. It has been estimated that in 1931 20% of French skilled 
workers were resident in the Departments of the Seine and Seine-et-Oise. 
Secondly, another tendency, observable in the development of all great cities, 
has been at work, namely the so-called flight from the centre. The increasing 
demand for sites for administrative and commercial offices, banks and large 
stores, in the centre has led to a rise in land values, and the consequent 
demolition of old residential property. Moreover the improved facilities for 
travel to and from the suburbs have enabled city workers to live at a distance 
from their work. The insanitary condition of the former densely peopled 
quarters has also led the municipality to demolish properties and to move the 
inhabitants to new quarters on the edge of the city. The result of these 
developments has therefore been to reduce considerably the density of the 
resident population in the centre of the city, to increase that of the quarters 
on the periphery, and to bring into existence in the Greater Paris region large 
industrial and dormitory towns. 

Comparing the distributions in 1896 and 1931 it is apparent that Paris can 
be regarded as composed approximately of three zones with individual 
characteristics, in which varying tendencies are visible. The centre of the 
city, comprising the first seven arrondissements, cover the three historic com- 
ponents of cité, ville, and université. The most densely populated of these 
arrondissements is the Temple, with over 50,000 inhabitants per km?., 
followed by L’Hotel de Ville and La Bourse, all on the north bank, with 
25-50,000 per km?. These constitute the financial and commercial district, 
with subsidiary activities such as newspapers, and have all declined in 
resident population in the period under review. This is particularly notice- 
able in La Bourse, where one quartier decreased by more than 50%, and 
two others by 35-50%. It is significant, as showing the piecemeal nature of 
this outward movement, that the fourth quartier remains one of the most 
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densely populated in the city, Bonne-Nouvelle, 101,500 per km?., and that 
the St. Gervais quartier of the Hétel de Ville had in 1931 the exceptionally 
high density of 106,900 per km?. The fourth of these arrondissements on the 
north bank is the Louvre, with the lower density of 10-25,000 per km?. This 
includes the Halles Centrales, and in the west, with adjacent areas of the 
Champs-Elysées and L’Opéra, it is the centre of that “haute couture” for 
which Paris is renowned. The reason for this localization probably lies in the 
former focussing of court life around the Louvre and the Tuileries. The more 
popular “grands magasins”’ lie between this point and the commercial area. 
Decline in population has also been very marked here, that of the quartier 
of the Halles having exceeded 50%. While this area is one mainly of inter- 
locking trading and densely peopled areas, with the former invading the 
latter, it is also the home of highly skilled craftsmen, working on a small 
scale, e.g. costumiers, tailors, gold and silver smiths, jewellers, and leather 
workers, who supply the demand for luxury articles. 

The portion of the central area south of the river comprises the Panthéon, 
Luxembourg, and Palais Bourbon. The first two, corresponding to the 
University and “quartier latin,” had densities of 25~-50,000 per km?.; the 
third, containing the homes of the aristocratic families of the Faubourg St. 
Germain, of the diplomats in the shadow of the Quai d’Orsay, and of retired 
officials is naturally less heavily populated (10-25,000 per km:?.). 

The second zone, on the north bank on the outer side of the central, 
includes the arrondissements of L’Opéra, L’Enclos-St. Laurent, and Popin- 
court. This is the area of the Gares St. Lazare, du Nord, and de 1’Est, of 
the Canal St. Martin, and of the consequent commercial and manufacturing 
activity. Thus L’Opéra and Popincourt were two of the three arrondisse- 
ments which still retained in 1931 densities greater than 50,000 per km?. The 
quartier Rochechouart of L’Opéra had the high density of g0,300 per km:., 
and was the sole area in this zone which increased during this period. The 
decline elsewhere was largely due to the spread of financial and business 
houses and luxury shops in this direction from the centre; as a result, one 
district adjacent to La Bourse, the ‘“‘quartier de la Chaussée-d’Antin,” had 
decreased by more than 50%. The decline was less marked in Popincourt, 
which is largely a district of workers’ tenements, with a large foreign element. 

The third zone is that of the outer ring of arrondissements, mainly indus- 
trial and working-class areas, e.g. Batignolles, Montmartre, Chaumont, and 
Vaugirard, with a density in general between 25-50,000 per km?. This ring 
is broken at one point in the south-west by the higher-class residential 
districts on the heights of Passy. The characteristic common to the whole is 
that save in a few minor districts the population increased markedly in the 
period. High increases of over 150% occurred in the manufacturing area of 
Vaugirard, and in Passy; several other quartiers increased from 65 to 120%. 
Though not the scene of heavy industries similar to those of Greater Paris, 
these exterior arrondissements have a variety of industries, such as the fur- 
niture factories of the Faubourg St. Antoine (Batignolles), the boot factories 
of Belleville, and the light metal works of Charonne, apart from those more 
directly associated with the railways, These areas are also the homes of those 
displaced from the centre who work daily in the city and the west. 
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Greater Paris.—The boundaries which should be assigned to Greater Paris 
are not easy to determine precisely. In planning for future growth in 1932 
(see below) it was declared to consist of the Department of the Seine, those 
communes of Seine-et-Oise and Seine-et-Marne within a radius of 35 km. of 
Paris, and a large proportion of L’Oise, forming an area of approximately 
5000 km:?., with a population of 6,300,000. This deliberately included areas 
not then dominated by Paris; but whatever the exact boundaries, there is no 
doubt that the whole of the Department of the Seine falls within Greater 
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The industrial development of Greater Paris 


Paris, and recent censuses show how rapid has been the growth of its popula- 
tion. In 1881 the Department, excluding Paris, had 530,000 inhabitants: this 
figure by 1901 had nearly doubled (956,000), and trebled by 1921 (1,506,000), 
and by 1936 it was, at 2,133,000, comparable with that of the city itself, and 
had an average density of approximately 5300 per km2. 

The development of the outer region has spread along the valleys and lines 
of communications, absorbing long-established towns, and generally repeating 
the characteristics of the city’s quarters thus extended, industrial areas on the 
lower, more accessible land, and residential suburbs on the higher. A par- 
ticularly strong contrast is to be observed between the industrial concentra- 
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tions in the north-west, spread over the plain of St. Denis, and the dormitory 
suburbs of the east, between the Marne and the Seine. 

Four industrial areas are conspicuous: the north and north-eastern com- 
prising St. Denis, St. Ouen, Aubervilliers, and Pantin; the south-eastern in 
the upper Seine valley as far as Choisy and extending west to the valley of the 
Biévre; the southern and south-western adjoining the city limits in the 
Gentilly, Vanves, and Arcueil areas; and the western, spread along the wind- 
ing valley of the lower Seine. The first of these is of considerable importance. 
The basis of development here has been the St. Denis Canal, deepened in 
1892 to 3:20 metres. Its continuation by the Canal de l’Ourcq brings Pantin 
on the east within the area. The large chemical and metallurgical industries 
of St. Denis produce locomotives and waggons, engineering and electrical 
equipment, acids, fertilizers, and soaps, and along the Seine ships and barges 
are built. St. Quen to the south has a number of very diversified industries, 
generally of a lighter character, copper and aluminium goods, tinned foods, 
furniture, pianos, and gloves from skins. The industries of Aubervilliers and 
La Courneuve are predominantly chemical, ranging from oil refining to per- 
fumes and toilet articles. Around Pantin the output is very similar, and the 
bye-products of the Villette slaughterhouses are used for the manufacture of 
tallow, margarine, and leather. In these districts the labour pool available has 
attracted many minor factories, producing for example glass and pottery at 
St. Denis, sewing cotton and tobacco at Pantin. These five communes form a 
block of over 240,000 inhabitants, which increased between 1921 and 1936 by 
approximately fifteen per cent., despite a marked decline in the depression 
following 1931. This manufacturing area is spreading north-eastwards 
towards the rail and air centre of Le Bourget, competing for the available land 
with the builders of housing estates, who have been particularly active round 
Drancy (51,000). 

The second great industrial group is in the west and north-west, established 
along the valley of the Seine. Immediately west of Paris is the centre of the 
French motor and aircraft industries, for example the Citroén works at 
Grenelle and the Renault at Boulogne-Billancourt. Here expansion has been 
rapid, the population of the latter commune having increased from 68,000 in 
1921 to 97,000 in 1936. Farther downstream on both sides of the valley 
extends a string of industrial concentrations combining the engineering and 
manufacturing activities of their neighbours to the north and south: Suresnes, 
Puteaux (armaments), Courbevoie, Levallois-Perret (motors and aircraft), 
Clichy (gas works and oil refineries along the river), and Asniéres (chemicals 
and foodstuffs). The population of this zone exceeds 380,000, having 
increased by approximately 20°, between 1921 and 1936. Expansion pro- 
gresses in the loop of the Seine towards Argenteuil, notably around Genne- 
villiers, an important outport for the region. Interlaced with these and 
standing on the higher ground are residential suburbs, e.g. Neuilly, Nanterre, 
and Colombes. 

The industrial areas are repeated on a somewhat smaller scale in the south- 
east along the Seine valley through Ivry, Vitry, which still however preserves 
its traditional market flower gardens, and Choisy, with its linoleum and 
paper mills, and particularly its china factories. Here live a population of 
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some 120,000. Another industrial belt extends to the west, skirting the city 
limits as far as the Seine, features of which are the tanneries and laundries in 
the valley of the Biévre around Gentilly, which perpetuate the early use made 
of its waters, and Issy-les-Moulineaux, with its power stations, munition and 
cement works, breweries, and tobacco factories. This sector has a population 
of over 200,000. From its western end extends southwards over the broken 
plateau a series of small towns now housing thousands who work daily in 
Paris, interspersed with market gardens, which carries the boundaries of Paris 
beyond Sceaux. 

In this circuit of Paris one sector has so far been omitted, the eastern, 
which has become the predominantly residential area of the outskirts. Extend- 
ing over the gentle and formerly wooded hills north of the Marne as far as the 
boundary of the Department are numerous residential towns such as Vin- 
cennes, Montreuil, and Fontenay-sous-Bois, with islands of orchards, 
vegetable and flower gardens, scarcely touched by industrial development. 
Nearly a quarter of a million people have their homes in this sector of Greater 
Paris. Similar expansion has taken place along the valley of the Marne, the 
tide of building progressing from one loop of the river to the next as far as 
Nogent. The peninsula between the Seine and the Marne is occupied by the 
working-class suburb around Alfortville comprising some 75,000 inhabitants. 
In the first great loop of the Marne is the garden city of St. Maur (57,000); in 
the next Champagny (27,500), and again in the next Nogent and Le Perreux 
(together 45,000), developments all consequent on the breaking up of large 
estates towards the end of the last century. Market gardening is still carried 
on to some extent, but except around Alfort there has so far been little 
industrial development. 

The development of the Paris region has been extremely haphazard and 
uncoordinated. Factories and housing estates are intermingled: the new 
quarters of the expanding towns are often unprovided with adequate roads, 
drainage, or water supply; valuable agricultural land has been built over, and 
natural amenities have been destroyed. This has occurred mainly because of 
the lack of a central authority, the constituent communes being largely inde- 
pendent and without the means to develop in an orderly way. In 1932 a law 
prescribing a “project d’aménagement” for the whole region was promulgated 
and its area defined. A general directing plan was drawn up and presented in 
1934, with which the local schemes were to conform. It covered the lay-out 
of the main roads, open spaces, the use of the land and the regulation of 
buildings, public services, and the protection of sites. The scheme for com- 
munications provided for five radial motor roads in conjunction with an outer 
ring at a distance of some 20 km. from the centre. For several reasons, of 
which the conflict of local interests is not the least important, progress with 
the scheme has been slow. 
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EUROPE 


THE CAMBRIDGE ECONOMIC HISTORY OF EUROPE FROM THE 
decline of the Roman Empire. Vol. I. The agrarian life of the Middle 
Ages. Edited by J. H. CLAPHAM and E. Power. Cambridge: University Press, 
1941. 9 X6 inches; xviii+650 pages; maps. 30s 

This important contribution to economic studies is the result of international 

cooperation, achieved despite the vicissitudes related by Professor Clapham in 

his introduction. It is also a memorial to his co-editor, the late Professor Eileen 

Power, who did much to make its publication possible. 

The period covered by this volume runs from the days of the later Roman 
empire to the close of the fifteenth century: its subject, in the editor’s words, 
comprises “‘the foundations of medieval life, and what in many places was 
almost the complete superstructure too—the earth, the crops, the peasants’ toil; 
how villages and fields were occupied and laid out ; how and with what cattle and 
implements they were tilled; what the society was that they maintained.” 
The three principal themes therefore, interwoven and interdependent, are the 
evolution of the seigniorial or manorial system, the foundation of feudalism; the 
methods of working the land, falling into two main divisions, the Mediterranean 
and the three-field system prevalent over north-west Europe; and the methods 
of husbandry adjusted to the natural environment. Out of a combination of 
these, varying widely in detail from region to region, Medieval Europe pro- 
duced a social structure, based upon the land, which executed the functions 
previously carried out by the imperial civil service, army, and money economy, 
and which influenced European life for many centuries. Much of the matter in 
this volume is of necessity concerned with complex and obscure details of land 
tenure, the status of peasant and farmer, their services, dues, and rights, and will 
not appeal directly to the historical geographer. He will however receive a 
salutary object lesson in the danger of generalization on so complex a subject, 
and discover that the ideas and practices of the age were far from being sharply 
defined. None the less there is much in this volume which will be of interest 
and of value to him. Climate, soil, and vegetation obviously cannot be neglected 
in any account of agrarian development, and these are continually kept in mind 
by the contributors. It would have added to the convenience of the reader if a 
map of the natural environment had been included among those at the end of 
the volume. Something more comprehensive might have been said about the 
actual siting of the settlements in place of the references scattered through the 
pages, but no doubt the next volume in dealing with the rise of towns and com- 
merce will give attention to the elements of geographical position. 

In the first chapter the development of settlement and colonization in Europe 
is surveyed in its main outlines with a profusion of local illustrations by Professor 
Koeber. Here three zones of rural society can be distinguished in the early 
centuries, determined by the degree of contact with Roman civilization. In 
Italy, southern Gaul, and Spain, the immigrants were too few to influence the 
social structure, and the impress of imperial Rome persisted with little change; 
in the northern parts of the Empire, Franks, Alemanni, and Anglo-Saxons 
absorbed to varying degrees the inheritance of their predecessors, but in the 
Frankish territory stretching from the Rhine to Scandinavia the Teutonic 
system described by Tacitus prevailed. That over much of these last two areas 
societies grew up having a general resemblance to each other is perhaps more 
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remarkable than the innumerable small differences which are painstakingly 
recorded in the subsequent chapters dealing with individual countries. Of par- 
ticular interest is Mr. C. E. Stevens’ account of farming in the later Roman 
empire in which he brings out clearly the relation of this technique, with its two- 
course rotation and deep ploughing embodying the principles of modern dry 
farming, to the Mediterranean environment, and its continuity through the 
centuries. The problems of agriculture in the temperate zone, arising from 
“stronger” lands, more constant rainfall, and denser forest, are also dealt with 
lucidly by Professor Parain. The characteristics here were the three-course 
rotation, which probably developed from the combination of temporary crop- 
ping and cattle raising, ploughing to turn over rather than to dig deeply into the 
soil, marling, characterized as the great invention of the Middle Ages, and the 
important place occupied by woods and forests as a source of fodder for cattle. 
The emphasis placed upon the place of the forest in rural economy is par- 
ticularly striking. The origin of the open-field system, perhaps the best known 
feature of medieval rural life, is apparently still obscure. Koeber holds that it 
was a product of the evolution of the village, arguing that in subdividing hold- 
ings it would have been unfair for one heir to receive all his land in outlying 
areas; to this Parain adds the suggestion that it would be inconvenient for a 
farmer to have all his holding on soil of the same character, since the whole 
might then often require to be worked simultaneously. 

Much interesting detail is given of a conspicuous feature of medieval history, 
the Germanic colonization of the lands east of the Elbe, which was carried out 
from the twelfth century onwards. Koeber argues that this expansion was not 
occasioned by a sudden and rapid growth in population or an advance in the 
technique of forest clearing. In the earlier centuries the Teutons had left the 
forest alone out of reverence. The later movement was prompted by four cir- 
cumstances: the peasants were obliged to increase the yield of their holdings to 
meet the demands of their overlords as administrative and personal outlay rose; 
similarly religious foundations were obliged to seek wider territory; the defence 
of the eastern boundaries was best secured by the planned transfer of peasant 
colonies to the threatened quarter, and finally the peasants themselves were 
searching for better conditions of life, and these were mainly to be secured, 
apart from migration to the towns, by taking up new land unencumbered with 
the old irksome liabilities. Close settlement was foreign to the Slavs who 
practised a shifting cultivation centred around a relatively few fortresses, and 
preferred, it is stated, to export man power rather than to employ it in intensive 
cultivation. This may perhaps explain the extent of German penetration, which 
was also remarkable for its rapidity. At the close of medieval German coloniza- 
tion the limits of acquisition on forest soil in north-east Germany and the 
interior of Bohemia had been reached, though the draining of river deltas and 
bottoms had not advanced beyond the Elbe. It has been estimated that between 
the years 1200 and 1350 twelve hundred villages had been founded in Silesia 
alone. These settlements soon required a local market for their produce and 
were therefore grouped systematically around newly founded towns. The out- 
put of corn became so large that an export trade reaching as far afield as England 
was established. It seems probable that this renewal of land settlement in- 
fluenced the development of cadastral survey, though this is not referred to in 
this volume. 

The basis of the medieval rural community was self-sufficiency, which passed 
with the growth of trade and of a money economy; self-sufficiency suggests 
isolation and stagnation, but this volume shows that the village was constantly 
adjusting its structure and that it had contacts extending beyond its own wood- 
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land or waste. Not the least achievement of medieval times was the evolution 
of a husbandry adjusted to the environment, which in its essentials, is that 
followed to-day. G. R. C. 


AFRICA 


BEYOND THE SMOKE THAT THUNDERS. By L. P. CuLLEN. New York: 
Oxford University Press, 1940. 812 X 512 inches; 342 pages; line drawings. 15s 
A personal account of everyday life, local customs, and scenery in a foreign 
country, however little known, though possibly fascinating to the author, is not 
necessarily of great interest to the reader, and it is difficult to explain why Mrs. 
Pope Cullen’s account of her sojourn on a copper-mining establishment in 
Northern Rhodesia makes such excellent reading. The author’s style is con- 
versational and her theme frequently domestic; seven out of the fifteen chapters 
are devoted to some aspect of life within the “‘camp,”’ but her lightness of touch 
and the speed with which she moves between neat description and entertaining 
anecdote are such that the trivial never degenerates into the insignificant. 

The vivid and engaging picture which emerges of native character in the 
neighbouring tribes is amplified by the accounts of the original discovery of the 
Roan Antelope copperfields, a visit to the reigning chief of the Lala tribe, and a 
panic ‘“‘go-home strike’ produced by an apparent manifestation of the super- 
natural and stemmed by prompt resort to appropriate and ingenious ‘‘magic” 
rites. But perhaps the most illuminating chapter is that entitled Go Slowly, 
which describes the appearance and behaviour of the chameleon, the terror 
which it inspires in the natives, and the legend which lies behind this terror. 
‘As I write the title of this chapter,’ says Mrs. Cullen, “‘the four walls around 
me seem to give way to the heat and the light and the silence that hang over the 
Rhodesian bush at noon.” And as she reaches the end of the chapter the 
illusion of that hot, African scene grows round the reader, he hears the words 
of the original black man laying his curse: ‘“‘May you never again, Chameleon, 
move any faster than you moved when you came to fetch me for my gifts. ... 
May you always go slowly, Chameleon—-slowly—slowly—slowly—!” 

The whole book is refreshingly far removed from present-day politics, but 
one more sentence, for its perhaps unintentional aptness, merits quotation. Of 
the white ants the author says: 

“If they ever should be exterminated I am sure that the true ants will be 
responsible ; man is far too flimsy and frivolous a creature successfully to combat 
a race which, to the sombre purpose of perpetuating a dark existence of ceaseless 
toil, has sacrificed sight, sex, and every other right of its individual members.” - 

The book is scattered with amusing sketches by Julian Brazelton, and his end- 
paper pictorial maps provide just that bare minimum of information required by 
the entirely lay reader. J. O'M. 


SOUTH-EAST AFRICA, 1488-1530. By Eric AxELson. London: Longmans, 
Green and Co., 1940. 9 X §'2 inches; xiv-+306 pages; maps and facsimile MSS. 
15s 

This important work is in two parts. The first is an historical survey of South 

Africa’s early contact with Europe based on primary and secondary sources. 

The second part, which occupies half the volume, consists of appendices, which 

help to elucidate many hitherto doubtful points and give publicity to much 

material previously available only in manuscript form. Among the documents 
here published for the first time are several of unusual interest describing the 
earliest exploration of what is now Southern Rhodesia; others throw new light 


NORTH AMERICA 51 


on the conquest of Kilwa and Mombasa, which led to the establishment of the 
Portuguese in East Africa. The rest deal with the gold trade of Sofala and 
Monomotapa. 

Most of Dr. Axelson’s discoveries were made in the libraries and archives of 
Western Europe, but at least one, from the antiquarian point of view the most 
important, was made in the field: the discovery on False Island (33° 44’ S., 
26° 38’ E.) of the padrao of S. Gregorio erected by Bartholomew Dias in 1488. 
Photographs of the reconstructed monument accompany the description of its 
excavation, which is among the lightest and best reading in the book. 

In so exhaustive a work it is rather surprising to find no mention of the 
recently published anonymous Portuguese narrative of Vasco da Gama’s second 
voyage or of the eye-witness account of the same voyage by Thomé Lopes who, 
incidentally, makes some observations on the South African gold mines (see 
‘Neue Quellen zur zweiten Indienfahrt Vasco da Gamas,’ by Christine von 
Rohr, reviewed in the Geogr. #., July 1939). It is equally surprising that, 
although the author obviously enjoys controversy, he is well content with the 
time-honoured, but discredited identification of Ophir with the Sofala hinter- 
land. 

The volume is modestly illustrated with contemporary maps and documents, 
but early South African cartography receives no systematic treatment; Dr. 
Axelson’s lack of interest in this aspect of his subject is apparent at more than 
one point, e.g. in the loosely worded and (to the lay reader) misleading caption 
given to the frontispiece, in the attribution of Fra Mauro’s Planisphere to the 
year 1460, and in the misprints on p. 12 of Zurla, Pordenone, and Conti. For 
the most part however the text, appendices, and annotations are impeccable, the 
whole constituting a most welcome extension of our knowledge of the Great 
Age of Discovery. is. 
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THE OHIO GUIDE: compiled by workers of the Writers’ Program of the 
Work Projects Administration in the State of Ohio, sponsored by The Ohio 
State Archaeological and Historical Society. (American Guide Series.) New 
York: Oxford University Press, 1940. 8 X 5'2 inches; xxxii+634 pages; illus- 
trations and maps. 15s 6d 

This volume of the American Guide Series is planned very much on the lines of 
its predecessors ; a general introduction covering the historical, economic, social, 
and cultural development of the State; a section describing in detail nineteen 
typical cities ; and a guide for travellers comprised in twenty-three tours. As the 
editor remarks, ‘Ohio has never unified itself with legends or traditions,”’ and 
“Ohians have few marks to identify themselves with their geographical bound- 
aries,” yet it has an important place in American life. Its history, largely 
embodied in ephemeral records, has moved swiftly, passing in little more than 
a hundred years from the foundation of the first frontier settlement at Marietta 
to twentieth-century industrialism of Cleveland. As one of the main gateways 
of the west Ohio has undergone in turn experiences characteristic of all phases 
of modern American development, and to this its public opinion owes its claim 
to be typical of the Union as a whole. The introduction however is divided into 
numerous short sections, which makes it difficult to grasp the State’s significance 
in its entirety. The section on the “natural setting” comprises six pages only, 
but teachers of geography will find the Guide a useful and up-to-date source of 
material on the complex and varied life of the Middle West, supplemented by 
the numerous and widely chosen illustrations. 
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THE AMERICAN EMPIRE: a study of the outlying territories of the United 
States. Edited by W. H. Haas. Chicago: Univ. of Chicago Press (Cambridge 
Univ. Press), 1940. 9 X 6 inches; xii+408 pages; illustrations and sketch-maps. 

245 
This volume, edited and published in the Middle West, contains accounts of 
six of the outposts of the United States. This work, unlike so many of multiple 
authorship, is well knit together and provides good reading in the present 
political turmoils. The six main chapters deal with Puerto Rico, the Virgin 
Islands, the Panama Canal Zone, Alaska, the Territory of Hawaii, and the 
Commonwealth of the Philippines. These chapters are concerned as much 
with the trends of production and population as with a recital of the physical 
background and present economic position. Adequately illustrated by diagrams 
and well-reproduced photographs, these pages are worthy of perusal by all 
interested in the world position of the United States. 

The first chapter is concerned with the history of the territorial expansion, 
after reaching from the Appalachians to the Pacific, in response to the concept 
of ‘‘Manifest destiny”? held by the vigorous pioneers. These later acquisitions 
were procured by purchase and war. The last chapter assesses the value of these 
outlying possessions and, written before the recent acquisition of bases from 
Britain, reveals how these moves are in line with previous trends of American 
opinion. &. 0. 


CENTRAL AND SOUTH AMERICA 


ENSAIOS DE GEOGRAFIA HUMANA BRASILEIRA. By Pierre 
Monseic. Sao Paulo: Livraria Martins, 1940. 7 <5 inches; 292 pages; illus- 
trations 

Professor Pierre Monbeig, of the University of Sao Paulo, has collected in this 
volume a number of lectures and articles on general geography and on the 
human geography of Brazil, in particular of Sao Paulo. He holds an essentially 
realistic and practical view of geography, so that it is natural he should give 
much of his space to the problems of the pioneering areas of the west. In one of 
his longer studies he describes the progress of settlement in the 200-km. wide 
zone east of the Parana, the clearing of the forest, the division of the land, and 
the réle of the growing towns. Unlike earlier pioneering zones of Brazil, this is 
predominantly an area of small properties and more varied products. In the 
past the development of interior Brazil has depended too much upon exploita- 
tion of a single crop and a collapse of the market has left the region derelict ; but 
this danger is now well appreciated. In other chapters the author describes the 
orderly progress of similar colonization in north-east Parana; the progress of 
southern Mato Grosso, now part of the Sao Paulo hinterland; and the social 
and economic problems of the cocoa plantations of Baia. With regard to the 
assimilation of the large number of immigrants, who have previously been 
regarded during booms as a welcome source of manual labour and in slumps 
have been put on the land as smallholders, the author pleads for allowing 
them the opportunity of using their individual talents to the benefit of their 
new country, as the most effective way of making them real citizens. 


ECONOMIC GEOGRAPHY OF SOUTH AMERICA. By R. H. WuitsBeck 
and F. E. WILLIAMs, assisted by W. F. Curist. Third edition. New York and 
London: McGraw-Hill Publishing Co., 1940. 9 <6 inches; xii+-470 pages; 
illustrations, sketch-maps, and diagrams. 24s 6d 

The third edition of this textbook emphasizes the need of American University 

students, now reckoned at over fifty thousand, for better knowledge of the 
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languages, social conditions, geography, and foreign trade of the Republics of 
South America. Beginning and concluding with a summary of the whole con- 
tinent, the more detailed chapters begin at Venezuela and proceed westward 
round the coast to Brazil. Regional surveys are given where the confines of 
such regions overlap political boundaries. 

The great disparity of development in South America resulting from the 
sharp contrasts in topography is well brought out, as well as the influence of 
climate, whether this is determined by latitude on the coast, where nearly all 
settlement is grouped, or by the altitude of the inland mountains and plateaux. 
It is refreshing to find that quality, as well as quantity, of population is stressed 
as the true measure of progress. ‘“The natural features of a country determine 
what may be done; but only man can determine what shall be done.” 

Certain generalizations, however suited for primary instruction, invite 
criticism. One such is the statement that white colonists avoid tropic regions, 
where they cannot face the competition and low standards of indigenous, 
coloured workers. This ignores the possibilities of mechanization, which 
multiplies output and makes possible the higher standards that the rainy tropics 
admittedly demand both for whites and native labour. In any review of South 
America’s neglected hinterlands it also raises the major issue of the future 
development of the rainy tropics, which is a subject in itself. 

The statement that much of Argentina’s Mesopotamia, lying between the 
Parana and Uruguay rivers, is “unsettled and unexplored” is incorrect. Its 
boundaries and most of the interior have long since been mapped, and all the 
land is in private ownership. Touching Paraguay, the remark that “‘there seems 
little justification for its existence as an independent country”’ certainly strikes 
a topical note, but Paraguayans might retort that the observation would apply 
equally to Switzerland. The strictures on back-country colonization schemes, 
whether Government or private owned, are more to the point, and cover those 
promoted in the United States and Canada. “These misguided efforts to 
induce people to endure hardships in the attempt to develop remote regions 
before the time is ripe for doing so” and their consequent failure, is attributed 
to better-placed or more fertile lands lying unused, or half used. Yet this state- 
ment again ignores the case for refugee immigration, which may regard physical 
hardship and subsistence living as preferable alternatives to political persecu- 
tion; nor is the development of modern transport by air for goods as well as 
passengers mentioned and given its due weight in this connection. Still more 
noticeable is the omission in sections dealing with the foreign trade of South 
America, of the adoption by every republic of exchange controls, which to-day 
override both customs tariffs and transportation costs. Possibly these points 
are reserved for more advanced study. 

Statistical tables, always a major difficulty with South America, finish at the 
year 1937, presumably the latest date at which figures for all countries were 
available. The volume contains 203 ‘‘Figures,’’ the term covering illustrations, 
which range from statistical graphs, and maps showing population densities 
or regional divisions, to photographs of estancia life and street scenes. For 
class study these illustrations, being closely joined to the text, need no index, 
but for ordinary reference a separate tabulation would be useful. There is 
however a well-selected bibliography of some three hundred works under 
authors’ names, in addition to the usual subject index. Much stress is laid 
throughout the book on the need for retaining a clear pattern of the South 
American scene, in whole or in detail. The avowed objective is to stimulate 
potential United States exports to the subcontinent. Of this the text gives 
various reminders, e.g. that the island of Puerto Rico buys as much from the 
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United States as all Chile; while its final paragraph runs, ‘‘If one half of South 
America purchased from the U.S. as much ‘per capita’ annually as they do in 
Cuba, U.S.A. trade there would exceed 3000 million dollars.’’ But how shall 
such countries acquire the dollars? Have the authors forgotten the South 
American slogan, “‘Buy from them that buy from us ”? 

Withal, there is so much well-balanced information in this volume, so well 
presented, that English readers, students or otherwise, will find their knowledge 
and interest in South America both widened and stimulated by its perusal. 


W. S. B. 
ECONOMIC AND HISTORICAL GEOGRAPHY 


ECONOMIC GEOGRAPHY. By C. F. JonEs and G. G. DARKENWALD. New 
York: Macmillan, 1941. 10 X 7'2 inches; xxii +630 pages; illustrations, sketch- 
maps, and diagrams. $4.25 

This is another of those elaborately produced and comprehensive textbooks on 

economic geography which have recently been published in the United States. 

Its six hundred pages of text, supplemented by many illustrations, sketch-maps, 

and statistical tables, contain a very wide range of information. The amount of 

detail indeed has caused the authors to consider its organization carefully, and 
they have adopted an arrangement by occupations, rather than by regions or 
products. It is however difficult to maintain this division rigidly: they have 
been obliged to subdivide many chapters regionally, and have not entirely 
avoided some repetition. The subdivision by occupations also makes it rather 
difficult to comprehend the economic life of each country as a whole, or the 
interlocking of various activities. Similar difficulties however would arise with 
other methods, and that adopted here has the advantage of emphasizing the 
general conditions governing economic activity throughout the world. The 
United States naturally receives most attention, followed by western Europe. A 
useful feature is the detailed plans and descriptions of various typical farms, 
which balance the necessarily generalized text. A relatively large amount of 
space is given to agricultural and industrial processes, but this also sustains the 
interest. The account of farming in north-west Europe is perhaps rather too 
favourable, and in view of the drift to the towns, the insistence upon large 
supplies of rural labour is a little misleading. The book, clearly written and 
well documented, with most of the statistics relegated to footnotes, should be 
found useful as a reference work in school geographical libraries. 


GENERAL 


THE FIRE OX AND OTHER YEARS. By Suypam Cuttinc. New York: 
Charles Scribner Sons, 1940. 9 <7 inches; xviiit+394 pages; illustrations and 
sketch-maps. $5 

The present volume contains accounts of expeditions made during the last 

fifteen years, principally to Central and South-Eastern Asia, to collect examples 

of big game for the great museums of the United States at New York and 

Chicago. In the earliest of these Mr. Cutting accompanied the brothers Kermit 

and Theodore Roosevelt to Chinese Turkistan, and the Tien Shan, to obtain 

examples of the wild sheep and great stags of that mountain range. In 1928 he 
was again with the Roosevelts in Chinese Tibet after the Giant Panda, when the 
first example actually shot by white sportsman was obtained by the two Roose- 
velt brothers who fired simultaneously at this then elusive and mysterious 
creature, now familiarly known since the importation of live specimens to the 
London and American Zoological Gardens. 


REVIEWS 55 


Other chapters contain accounts of expeditions to Ethiopia, the Naga Hills 
of Assam, and the hill tracts of Upper Burma; to the Galapagos in Mr. Vincent 
Astor’s yacht Nourhamal; and to the Andamans to study and photograph the 
pigmy Negrito aboriginal islanders. Most important and valuable is the story 
of the three journeys made to Tibet in 1930, 1935, and 1937, and it is from 
the Tibetan name for the last, ‘“The fire ox year,’’ that the volume takes its 
name. During this journey Mr. Cutting was accompanied by his wife, one of 
the very few women to visit Lhasa. Here they enjoyed the hospitality of the 
Regent and saw much of the life of that remote capital with its extreme con- 
trasts of medieval splendour and squalor. 

Though no means averse to the comforts of civilization, for he ‘‘has never 
sought out a stable where a Ritz Hotel was at hand,’’ Mr. Cutting seems to have 
thoroughly enjoyed the hardships of travelling in wild and remote hinterlands 
of the world. 

It is a pity that more care was not taken in the correction of errors and mis- 
prints. For instance the generic names of all the animals mentioned are spelt 
with a lower-case letter and specific names derived from proper names with a 
capital, which is contrary to the accepted practice, e.g. ovis ammon Hodgsoni 
instead of Ovis ammon hodgsoni. He has also Trogan for Trogon on p. 327, 
The New York Botanical Garden for the New York Zoological Park on the 
same page, and Pitt River Museum for Pitt Rivers Museum. But these slight 
blemishes are not of serious importance and do not detract from the interest 
and charm of this informative and delightful volume. 

The excellent illustrations are nearly all from photographs by the author. 
They are very numerous, well chosen and reproduced. There are also repro- 
ductions in colour of a nomad boy from the Pamirs and a Kirghiz nomad 
woman from paintings by a Russian artist, Alexandre Iacovleff, which add to 
the attractiveness of the volume. The illuminated maps, three in number, 


are not so successful and show little of the geographical features of the country 
traversed, and not even all the places mentioned in the text. W. L. S. 


STATESMAN’S YEAR-BOOK 1941. Statistical and historical annual of the 
States of the world. Edited by M. Epstein. London: Macmillan. 7 x5 
inches ; xxxvi+1487 pages; maps and tables. 20s 

The task of producing an annual such as the Statesman’s Year-book is par- 

ticularly difficult in present conditions. Complete statistical returns are lacking 

for many European countries, and for Great Britain alone have trade returns to 
the end of 1940 been published. The position is much as usual for other parts 
of the world, and this issue contains for example the United States census 
returns for 1940. For other subjects, such as the composition of governments, 
constitutional changes, and boundary alterations, the text has been revised to 
the end of the first quarter of this year. There is also the problem of treating 
countries occupied by the enemy: here the editor has rightly adopted a con- 
servative course. For countries wholly occupied, where the legal government 
is in existence abroad, he has described the political, social, and economic 
structure as it existed prior to the occupation, with a brief outline of the course 
of aggression, and the statistics naturally apply to that period. In the case of 

France, the pre-1940 political system is described in the past tense, and some 

indication of the changes made by the Vichy Government is given, with a note 

on the organization of Free. France; as to the occupied zones they are ‘‘as much 
under German rule as though they were part of Germany.”’ It is stated that the 
eastern zone, including Alsace and Lorraine, “has been definitely annexed to 

Germany, even before peace negotiations have begun.”’ It is perhaps surprising 


56 REVIEWS 


to find the population of unoccupied France estimated to be as low as eight 
million people. The normal population was at least eleven million, and there 
must surely have been a considerable inward movement recently, the popula- 
tion of Paris for example is stated to have fallen to a little more than a million 
by July last year. Whether the figure for unoccupied France should be eight or 
twelve million, it demonstrates the hold of Germany upon French labour 
supplies. 

The difficulties of the situation are still more apparent in the section on 
China. Statistics are given for the country as a whole, with the remark that a 
great part has been occupied by Japanese troops, but it might have been made 
quite clear whether the trade returns, based presumably on the Chinese 
Maritime Customs, refer to the whole of China. This point is of some interest 
as both the import and export figures show a great increase in recent years. The 
text in fact scarcely conveys the condition of the country: on one page reference 
is made to the “‘National Government at Nanking,” a list of which is given on 
the next page; later there is reference to “‘a so-called ‘National Government’ at 
Nanking” and only in the section on communications occurs the statement that 
the present national capital is Chungking. The reader might also be further 
puzzled by the reference to the British Ambassador being at Shanghai. Nothing 
is said of the migration of many industries and cultural institutions to the west, 
which is an important recent development. 

The main lines of the section on the United Kingdom are also unchanged. 
Here it would of course be inadvisable, if it were possible, to indicate changes 
in economic and social life, and in fact the only direct indications of the war 
appear in the sections on the fighting services. The trade returns however con- 
vey some hints: imports, £885°5 millions in 1939, rose to £1099°5 millions in 
1940, while exports fell slightly from £439°5 to £413°1 millions. 

It is not necessary to emphasize the general merits of this handbook, of 
which those who have used it in the past will be well aware. The bibliographies, 
brought up to date in each issue, are a specially useful feature. The maps in 
this volume show changes in the boundaries of Romania, and the naval bases in 
the western Atlantic leased to the United States. The remarks above are merely 
intended to indicate the way in which the editor has dealt with a difficult 


problem and the extent to which it presents a survey of present affairs. 
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THE SEVEN SEAS 

The phrase The Seven Seas is wearing thin from overwork, and if it were 
not for the Oxford English Dictionary one might think that the number has 
lost any significance it must once have had. The International Hydrographic 
Bureau has indeed published a list of Seven Oceans, but also of fifty-two Seas. 
The O.E.D. however, under special collocations of the adjective seven, says 
boldly that the Seven Seas are the Arctic, Antarctic, North and South Atlantic, 
North and South Pacific, and Indian Oceans, and this definition has been 
followed by many standard books of reference, though it has the air of being 
too easy, devised to explain an existing phrase. The dictionary has found no 
examples of its use earlier than Edward Fitzgerald, quoting from his version of 
the 47th quatrain of the Rub’aiat of Omar Khayyam: “Which of our Coming 
and our Departure heeds As the Sev’n Seas should heed a pebble-cast,”’ but 
failing to note that the phrase belongs to his third edition only (1872) and as far 
as we can find, in no earlier or later. A suspicion then that the precise phrase 
was Fitzgerald’s and not Omar’s is confirmed by Professor Minorsky. But the 
idea of counting the seas is common in Persian and Arabian geographers of 
earlier date. A passage from Mas‘iidi, who flourished about two centuries 
earlier, shows that the conception was even then somewhat confused: “‘As to 
the seas which are in the habitable part of this globe, their number is generally 
put at four; some however put it at five, others at six, and others again recognize 
up to seven; all these quite distinct from each other and without communication. 
We name first the sea of Abyssinia [the Indian Ocean], then the Mediterranean, 
then the sea Nitas [Sea of Azov], then the Sea Mayotis [Black Sea], then the sea 
of the Khazars [the Caspian], then finally the Ocean, of which the limits are not 
known, and which is also called the Green Sea, Stormy Sea, or Encompassing 
Sea.”’ As Mas‘iidi goes on to say that the sea of Azov, the Black Sea, and the 
Mediterranean communicate with each other and should be considered one, he 
returns to his original idea of four. It may be noted that when treating of the 
Indian Ocean, he divides it into seven sections. 

Another Persian geographical work, the anonymous ‘Regions of the world,’ 
compiled in A.D. 982, is more definite on this point. After enumerating the seas 
it states : “These are the seven seas” (‘Hudii al-‘Alam,’ ed. V. Minorsky, 1937, 
p- 53). Their names are the Green sea or Eastern ocean; the Western ocean; the 
Great sea [Indian Ocean]; the Rim sea [Mediterranean]; sea of the Khazars 
[Caspian]; Sea of the Georgians [Black Sea]; and sea of Khwarazm [Sea of 
Aral]. Thus in contrast to Mas‘idi the writer obtains his seven seas by dividing 
the ocean into two, and substituting the sea of Aral for the sea of Azov. It may 
be observed that the passage from Mas‘idi combines the Persian concept of 
seven seas with the classical idea of four gulfs from the surrounding ocean 
penetrating the continental mass. This was formulated after the campaigns of 
Alexander the Great had extended the range of Greek geography and is em- 
bodied in the following passage from Strabo: ‘Our inhabited world, being girt 
by the sea, admits into itself from the exterior sea along the ocean many gulfs, 
of which four are very large. Of these four gulfs the northern one is called the 
Caspian sea (though some call it the Hyrcanian); the Persian gulf and the 
Arabian gulf pour inland from the Southern sea, . . . and the fourth, which far 
exceeds the others in size, is formed by the sea which is called the Inner sea, or 
Our sea” (Loeb ed., 2. v. 18). Strabo is here perpetuating the belief that the 
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Caspian was connected with the Ocean; Herodotus however was aware of its 
true character. 

It is impossible here to endeavour to trace how the Persians came to attach 
a special significance to the number seven. De Saussure suggests (Le Globe: 
Mémoires, 1924) that it was derived from the “seven terms of the celestial 
universe” of Chinese cosmology, and that this influence is also to be traced in 
' the Old Testament and the Apocalypse. These terms are the centre, that is, the 
throne of the supreme divinity, the sun and the moon, and the four cardinal 
points. He also points to another curious similarity: the Chinese associated 
the colour green with the east, red with the south, white with the west, and 
black with the north, and it is perhaps something more than a coincidence that 
the Turks and Persians called the southern ocean the Red sea, the Mediter- 
ranean the White sea, and the Euxine the Black sea. It will have been noted 
that Mas‘idi in the above quotation refers to the surrounding Ocean as the 
Green sea, a term which might well have been attached to the Ocean east of 
China. It seems possible therefore that both the idea of four and of seven seas 
derives ultimately from Chinese cosmography. 


RAINFALL AND WINDS OF RUANDA-URUNDI 


An important contribution to our knowledge of rainfall and air currents in 
Ruanda-Urundi is made by E. Fraselle in a pamphlet entitled ‘Contribution a 
la connaissance des météores aqueux et aériens du Ruanda-Urundi (Plateau des 
grands lacs africains),’ published at Liége in 1939. A coloured map of the mean 
annual rainfall shows a general increase from east to west over the plateau with a 
maximum of 240 cms. on the forested Kibira Rugege mountains overlooking the 
Ruzizi trough, and on the more northern Virunga volcanic mountains whose 
culminating summit Karisimbi 4506 m. is occasionally snow clad. The mini- 
mum rainfall of 70 cm. is in the southern part of the Ruzizi depression to the 
north of Lake Tanganyika. 

The rainfall of the country is classified as orographic and convectional. 
Roughly speaking the orographic rains fall above 2100 m. and the convectional 
rains below, though the author agrees that either type may occur at other levels. 
This classification however leaves something to be desired for convectional 
precipitation is greater in broken mountainous country than in plains under 
similar meteorological conditions: where this is the case the rainfall should 
logically be covered by the term orographic. Occasionally the rainfall of 
Ruanda-Urundi is augmented from heavy clouds with thunderstorms caused by 
the heated discharges from the volcanic vents of Nyamlagira and Ninagongo, 
but more often these clouds are blown towards the Kivu district. 

The area lies within the belt of the north-east and south-east trades according 
to the season and is also influenced by monsoon winds from the Indian Ocean. 
Although the wind system is explained from the barometric pressure affecting 
Africa as a whole, the writer has made a detailed investigation, extending over 
many years, of wind direction over the Ruanda-Urundi plateau from the 
motion of the lower clouds. He found that east winds prevailed throughout the 
year, for both the north-east winds which blow mainly from December to 
March, and the south-east winds blowing from June to September, tend to be 
deflected into easterly winds as they blow over the plateau. Hence the per- 
centage of easterly winds is as high as 61, rising to 86 for the north-east to south- 
east quadrant. 

A useful appendix gives the amount of rainfall and the lengths of the wet and 
dry seasons for a number of stations in Ruanda-Urundi, the Belgian Congo, 
Kenya, Uganda, and Tanganyika Territory. 
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ERUPTION OF NYAMLAGIRA, BELGIAN CONGO 

A paper in the South African Geographical Journal (vol. xxii, April 1940), by 
the President of the South African Geographical Society, Mr. T. W. Gevers, 
describing a recent eruption of Nyamlagira, recalls a paper in the Journal of 
January 1916 by Sir Alfred Sharpe. In this he describes the eruption of 
Nyamlagira and the then newly formed Katarusi volcano which commenced on 
8 December 1912. “Every day the eruption increased in violence, and at the 
time of our arrival was a magnificent sight. A broad river of swiftly flowing 
lava poured into Kabino inlet at the north-west corner of lake Kivu, 3 miles 
from the volcano, and had already heated the water at that part of the lake to 
boiling point. Dense volumes of steam rose from the lake and mingled aloft 
with the thick black cloud of smoke which hung over the whole country west 
of the volcano. . . . We found that a large bay, forming the northern extremity 
of the Kabino inlet had already been filled with lava. . . . What with the roar 
of the volcano, occasional deafening explosions, the vast volumes of steam and 
smoke, and the lurid gloom all round, it was a striking scene.” 

The eruption which began on 28 January 1938, was probably more violent 
and greater than that seen by Sir Alfred Sharpe. When Mr. Gevers conducted 
a tour of students round the region in June 1939, one and a half years after the 
start of the eruption, lava was still flowing from this shield type of volcano. He 
describes the sequence of events thus: “In the beginning of November 1938, 
after flowing for 9 months, the lava front crossed the main motor road between 
Sake and Goma about half a mile east of the native village at Sake. On 
6 December the lava reached lake Kivu and began pouring into Sake Bay. . . . 
Several miles to the north of the lake shore the lava stream parted, sending down 
another, eastern, flow across the road and down to the lake, separated from the 
main western flow by a ridge of unburnt forest about half a mile wide. The 
road is now blocked over a total distance of about four miles and the lava front 
along the shores of Sake Bay is many miles in extent. . . . No open liquid lava 
is to be seen anywhere, but that it is still present underneath the crust near the 
western edge of this flow is shown by the temperature of the rocks and several 
red-hot fissures.” 

Except for steam jets and the main solfatara the old vent of Nyamlagira is 
now inactive. The region of the new vent, known as Tshambene, is some 2", 
miles down the south-west flank of the mountain, 2200 feet below the western 
rim of the crater. 


THE NETHERLANDS EAST INDIES 


The Royal Institute of International Affairs have recently published a study 
of the overseas territory of the Netherlands containing much information on 
their government, peoples, and economics. The Netherlands East Indies have 
problems common to many areas of Eastern and Southern Asia, and the methods 
adopted to deal with these have always been of interest to the colonial admini- 
strator: at the present time this area is of special importance as a stabilizing 
factor in the Far East. In regard to the advance of the native peoples many of 
the obstacles to be overcome have arisen from the uneven distribution of the 
population, with consequent local pressure on available land, the conditions of 
migratory labour to less developed areas in the outer islands, and the presence 
of immigrants from other parts of Asia. The population in 1930 was 60°75 
million, of which 40°75 million were in Java and Madura alone, that is on 7 per 
cent. of the total area. The average density in Java therefore of 818 per square 
mile is in strong contrast with that of 28-1 in the remaining territories: in Jog- 
jakarta it rises as high as 1300 per square mile. The problem is accentuated by 
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the high natural rate of increase, slightly more than 2 per cent. per annum in 
the years 1920-30. The authorities have met this by promoting settlement in 
the less developed areas in Sumatra, chiefly in Palembang, the Celebes, and 
south-east Borneo; by 1938 the numbers thus settled amounted to 124,000, and 
it is hoped to settle 50,000 a year in future. Penal contracts for migrant labour 
have been abolished, and contract labour is regulated with the object of en- 
couraging the migrants to settle permanently. In the more densely peopled 
areas action has been taken to prevent the establishment of non-native farming 
groups and the leasing of land to plantation estates; to provide rural credit 
facilities and technical instruction; and to encourage the advance to industriali- 
zation by developing communications. In Java at present about 60 per cent. of 
workers are engaged in native agriculture and 9 per cent. in some form of 
industry. The peasant holdings yield relatively little for export, and sub- 
stantial quantities of rice are imported into Java, though in the aggregate 
native produce accounts for a quarter of the exports. In other areas, where 
development has been more recent, the proportion rises to more than one-half. 
Thus the effects of the world trend of prices are not severely felt by the peasants, 
and during the depression Java was able to absorb numbers of returning 
emigrants. 

Side by side with native cultivation, and occupying one-seventh as much 
area, are the large estates producing for export. These supplied one-third of 
the world’s export of copra and rubber, a quarter of the palm oil, and practically 
all the quinine; exports of kapok, sugar, pepper, and tea are also important. 
This variety of products has contributed markedly to the economic advance and 
stability of the territories, to which the exports of tin and oil also contribute. 
Conditions arising from the war have quickened the policy of combating popu- 
lation pressure by the introduction of a moderate degree of industrialization. 
The processing of tin and rubber, much of which was formerly done at Singa- 
pore and Hongkong is now carried out locally, and progress is being made in 
metal working, the manufacture of machinery, ship building and repairs. 
Arising more directly from the war are the plans for a heavy chemical industry, 
aluminium works, and a scrap smelter and rolling mill. Native handicrafts are 
also being encouraged, and it is estimated that their annual value is now 
180 million guilders, compared with the 78 million guilders from mechanized 
industry. In the past about a quarter of the trade of the territories was with the 
Netherlands; the United States was also an important market, and up to 1935 
imports from Japan were increasing rapidly; recently plans to increase trade 
with Australia and South Africa have been initiated. The publication analyses 
the trade position in detail, and gives some account of the armed forces and of 
recent political developments. 


OBITUARY 


COLONEL CLAUDE HALE BIRDSEYE 


Colonel Birdseye was a distinguished member of the staff of the U.S. Geo- 
logical Survey, who had in the earlier days of his service explored and mapped 
the neighbourhood of the volcano of Kilauea in Hawaii and the summit regions 
of Mount Rainier. After service in France on the artillery staff of the U.S. Army 
between 1917 and 1919, he returned to his duties as a topographic engineer and 
led an expedition by boat through the Grand Canyon of the Colorado River in 
1923, which is described in the Geographical Review for April 1924. On this 
expedition the topographical survey was carried through the gorge from end to 
end. At the April meeting of the American Geographical Society in 1924 the 
Charles P. Daly Medal was presented to him with special reference to his 
technical publications including a manual for the Artillery Orientation Officer. 
Colonel Birdseye was a prominent member of the Association of American 
Geographers and was its President in the last years of his life. On several 
occasions, notably at the Congress of the International Geographical Union in 
1928, he was an official delegate of his country and made many friends among 
British geographers who will remember the charm of his personality. He died 
on 30 May 1941 and was buried in the Arlington National Cemetery. He had 
been a Fellow of our Society since 1928. 


MEETINGS: SESSION 1940-41 


Twenty-eighth Meeting, 9 June 1941. The President in the Chair 
Elections: Captain L. H. Corke, 1.4.; R. W. Gibb, Mo.a. 
Paper: Air Photography in war. By Squadron-Leader P. J. A. Riddell, r.a.F. 


Annual General Meeting, 23 June 1941. The President, Field-Marshal Sir 
Philip Chetwode, in the Chair. 

The Hon. Secretary (Mr. W. L. Sclater) read the Minutes of the Annual 
Meeting held on 24 June 1940, which were confirmed and signed by the 
President. 

The PRESIDENT then said: We now proceed, ladies and gentlemen, to the 
second item on the agenda, the presentation of the annual Awards and the two 
Gold Medals. 

His Majesty the King has been pleased to approve the Council’s recom- 
mendation that the Royal Medals given annually by Him as Patron of our 
Society be awarded this year to Major P. A. Clayton, D.S.O., and to President 
Isaiah Bowman of Johns Hopkins University; it is my pleasant duty to lay 
before you the grounds of our recommendation. 

The Patron’s Medal is awarded to Dr. Bowman for his travels in South 
America and for his great services to the Science of Geography while Director 
of the American Geographical Society of New York. In his early years at Yale 
Dr. Bowman went as geologist-geographer on Professor Hiram Bingham’s 
expedition of 1911, and gave us the first scientific account of the Cafion of the 
Urubamba and the Pongo de Mainique. Then as leader of the American Geo- 
graphical Society’s expedition to the Central Andes he studied the deserts and 
lake systems, and published in 1916 “The Andes of Southern Peru,’ the first of 
the Society’s Special Publications. 

From this date his interest turned to Political and Economic Geography. 
Having been in 1917 chief executive officer of an Inquiry in preparation for the 
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Peace Conference, he became Chief Territorial Adviser to the American Com- 
mission to negotiate peace in Paris; wrote on the problems in political geo- 
graphy of The New World; and edited for the Council of Foreign Relations a 
report on present-day possibilities and limitations of Land Settlement, to which 
he contributed himself the important section on South America. 

Meanwhile he directed the preparation and publication of the American 
Society’s most remarkable contribution to our science, the 1/Million Map of 
Hispanic America, on the pattern of the International Map established by con- 
ferences of 1909 in London and 1913 in Paris, but with the supreme advantage 
that all the sheets are compiled by the same staff, printed at the same press, and 
therefore with a homogeneity that no international production can achieve. It 
is a monument of what can be done by individual enterprise with adequate 
resources at command, and worthy of a medal to itself. 

Finally in 1930 he produced a study “The pioneer fringe’ which inspired 
the theses on Pioneer Settlement by twenty-six authors published in the 
following year. He became Director of the American Society at the height of 
his reputation as a geographer-geologist. As Director he turned the Society’s 
interest to Cartography and to Economic Geography, without detriment to the 
physical interests which the Review and the series of Special and Research 
Publications have fully maintained: a remarkable record for a Directorship of 
twenty years. 

We are honoured by the presence of the First Secretary to the American 
Embassy, who is representing the American Ambassador. He, better than 
any one, will understand why at this time it is not possible for the Royal Mint 
to strike in gold our Patron’s Medal. The actual medal must remain unstruck 
until the war is happily ended. But we will ask him to convey to our dis- 
tinguished Medallist our most cordial greetings and assurances of the high 
esteem in which all British geographers hold him for his eminent services to 
our Science. 

Mr. Harotp SHANTz (First Secretary to the American Embassy): Mr. 
President, I will convey your message, with great pleasure, to Dr. Bowman, 
and on his behalf I wish to thank the Society most cordially for the great 
honour which it has conferred upon him. 

The PRESIDENT: Major P. A. Clayton has long been known to us as a dis- 
tinguished officer of the Desert Survey of Egypt, who first mapped the Gilf 
Kebir. During the winter of 1930-31 he carried a triangulation across the 
desert from Halfa to ’Uweinat, and made a reconnaissance of the Gilf’s western 
scarp, never before seen; and on his way back he had the good fortune to rescue 
a large party of Arabs who were fleeing from Kufra before the Italian occupa- 
tion and were stranded in mid-desert. In 1932 he was a member of the expedi- 
tion to the Gilf Kebir organized by Sir Robert Clayton-East-Clayton, and 
made the first complete examination and survey of that most remarkable plateau, 
which includes a wadi with vegetation that has more claim than its rivals to be 
the long-sought Zerzura. Our recommendation to His Majesty was that Major 
Clayton should receive the Founder’s Medal for his surveys in the Libyan 
Desert and for his application of this experience to desert warfare during recent 

operations. We know only in general terms of the doings of our Medallist of 
1935, Colonel Bagnold, and his group of desert experts who made their long- 
distance reconnaissance raids in Southern Libya last winter. Clayton, with his 
great knowledge of desert craft, was inevitably one of them; in six months he 
had covered more than 11,000 miles, and for his exploits, of which we do not 
know the details, he was awarded the Distinguished Service Order. A little 
later, on a fifth or sixth raid, he was wounded and is now a prisoner of war in 
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the Abruzzi. But Mrs. Clayton is here to-day, and we ask her to accept and 
convey to her husband our congratulations and good wishes. 

Mrs. P. A. CLayTON: Mr. President, it gives me very great pleasure to be 
here to accept the great honour which the Society has been pleased to confer on 
my husband. I shall be delighted to be able to convey to him your congratula- 
tions and good wishes and to hear that he has received them. 

The PRESIDENT: The Murchison Grant is awarded to Mr. C. T. Madigan, of 
the Universities of Adelaide and Oxford, for his explorations and research in 
Central Australia. Having served his apprenticeship to exploration in Sir 
Douglas Mawson’s Antarctic Expedition of 1911-14, he has become the prin- 
cipal authority on the deserts of Central Australia. His explorations by camel 
and by aeroplane and by car between 1929 and 1932 were the subject of two 
papers in our Yournal and others in the publications of other British and 
Australian Societies, and in an excellent book published by the Oxford Univer- 
sity Press in 1936. His latest journey was in command of the Simpson Desert 
Expedition of 1939. He is, we believe, in Adelaide, and I will ask the Honorary 
Secretaries to transmit the award to him with our best wishes. 

The Back Grant is awarded to Flight-Lieutenant Alfred Stephenson, 
R.A.F.V.R., for his surveys in south-east Greenland and in Graham Land. He 
was Surveyor on Watkins’ British Arctic Air Route Expedition and responsible 
for a great part of the valuable maps then made. He then spent a year at Fort 
Rae with one of the British parties engaged on the international cooperation of 
the Second Polar Year. More lately he was away for three years with the British 
Graham Land Expedition; he was one of the sledging party that explored King 
George VI Sound, and was responsible for working up the surveys of the whole 
expedition, which have provided so many striking maps in our Journal. 

Flight-Lieutenant ALFRED STEPHENSON, R.A.F.V.R.: Mr. President, I should 
like to thank you very much for the award of the Back Grant. It is indeed an 
honour to have one’s work recognized in this fashion. To the other members 
of the expeditions to south-east Greenland and Graham Land I would like 
also to express my thanks, for I am deeply indebted to them for their help in my 
work. Further, I should like to thank those members of the Society who have 
helped me; in particular, the draughtsmen and especially Mr. Hinks, the 
Secretary. Not only has his encouragement and advice always been available 
but also his very great assistance, of which I have had an abundance. 

The PRESIDENT : The Cuthbert Peek Grant is awarded to Mr. Marcel Aurous- 
seau for his valuable services as Secretary of the Permanent Committee on 
Geographical Names. Succeeding in 1937 to the responsibilities of the late Mr. 
John Reynolds, he has filled his difficult office with distinction, and since the 
outbreak of war has raised and trained a highly qualified temporary staff of 
linguists and scholars engaged on official work required by the needs of the time. 

Mr. Marcet AuroussEau: In thanking you, Sir, and through you the Council 
and the Society for the award, permit me to say that any success we have 
achieved is very much the work of my special staff. The conditions under 
which we work here are almost ideal. The Society’s installation is at our dis- 
posal; we could not have a better place in which to work. The special staff are 
of high qualification and the spirit has been one of collaboration throughout. 

The Presipent: The Gill Memorial is awarded to Captain F. Spencer 
Chapman, Seaforth Highlanders, for his exploration of high peaks in Sikkim 
and Tibet. He also was one of Watkins’ men in Greenland in 1930-31, and did 
excellent work there. But the award is for his Himalayan feats, in particular for 
his remarkable exploit in climbing Chomolhari on his way back from Lhasa, 
where he had been for six months as a member of Mr. Gould’s mission. His 
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later exploits are well told in a recent book, ‘Helvellyn to Himalaya.’ He is at 
present on military duty in Melbourne, and the Honorary Secretaries will 
transmit the award to him. 

The PresIDENT then delivered the Presidential Address, which is printed on 
Pp. I-4. 

The PREsIDENT then said : To-day is the last occasion on which I shall preside 
at these meetings as your President. I have been very fortunate to have been 
re-elected and to have been so long in this important office. I have done my 
best for the Society, but I fear that best has been very little owing to the 
enormous amount of work I have with the War Organization of the British Red 
Cross Society and Order of St. John. What I would like to do in wishing the 
Society every good fortune is to thank you as Fellows, and especially my 
colleagues on the Council, for all the support you have given me. I fear I have 
been somewhat ineffective, but I should have been worse if it had not been for 
helpful advice from the members of the Council. I now thank them publicly 
for what they have done. 

Admiral Sir WiLL1AM GooDENoUGH: In regard to the somewhat unusual 
circumstances that have kept you so busy, I as a past-President would like to 
say, Sir, that we all realize the great amount of work that you have un- 
obtrusively put into the Society’s affairs, although you may have been detained 
at times on other and even more pressing work. We would like to thank 
you very much for all you have done for us. What we have realized about 
the Field-Marshal is that when it comes to business he puts his finger on the 
spot, and acts very much to the benefit of everything he has on hand. 

The PreEsIDENT: I thank my old friend, Sir William Goodenough, very much 
indeed. He is really supposed to be of the Silent Service, and so I do not quite 
know why he should have said anything! 

Visitors having withdrawn, the PRESIDENT appointed Brigadier E. M. Jack 
and Mr. Frederick Adam to act as scrutineers of the ballot for the Council and 
Officers for the ensuing year. 

The PRESIDENT, in submitting the Annual Report of the Council, said: I 
think I have a right to say—it is not any credit to my account but has to do with 
the officers of the Society and the permanent staff—that considering the diffi- 
culties we have had to contend with during the past year the Report, as I feel 
sure you will agree, is on the whole very satisfactory. I would like to thank the 
permanent staff of the Society for all the work they have done in very difficult 
circumstances indeed. 

You may not be able to read quite so favourable a financial report next year be- 
cause of the more or less compulsory insurance we have had to undertake under 
the War Damage Act. So far the insurance effected only takes the Society up to 
30 September 1941, after which it has to be renewed at perhaps an enhanced rate. 

A Lapy FELLow: Will it be possible to have the Young People’s lectures 
next Christmas? They are so very popular. 

The PRESIDENT: Last year we decided it would be quite impossible to con- 
tinue them, but I am glad you have raised the point. I do not know what my 
successor will think, but it seems to me it will be worth while considering 
whether they can be resumed ; they were always most valuable. Last Christmas 
it was really impossible to continue the lectures. And of course nobody would, 
in present circumstances, like to promise anything as to next Christmas, but I 
think I may say that the Council will take the matter into consideration. 

The Annual Report was adopted without further comment. 

The scrutineers informed the President that the candidates proposed by the 
Council had been elected (see list, p. iii), and the meeting terminated. 
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